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The  Chairman: — (Teiitlemen  of  the  Institutk,  it  requires  no 
word  of  mine  to  introduce  the  gentleman  who  is  to  read  a  paper 
to  you  this  evening.  You  all  know  him  very  w^ell,  and  have 
heard  him  before,  and  I  take  great  pleasure  in  having  the  honor 
to  present  to  you  to-night  our  Past- President,  Mr.  Frank  ^. 
Sprague. 

Mr.  Sprague  read  the  following  ]>ftper : 


A  paper  ^t*enitd  »t  tk«  toid  Mtttimg  0/  tkt  Aweri' 
can  Imstitui*  0/  Eltetricai  Rmgin«ers^  N*w 
y^rk^  Janmary  23dy  VicfPrtsident  Hambtet  in 
in  tkt  Chair:  and  Ckieait*^  January  zqtk^  rStjb^ 
Mr.  R.  H.  Pierct  in  the  Chair. 


ELECTRIC  ELEVATORS,  WITH  DETAILED  DESCRIP- 

TION  OF  SPECIAL  TYPES. 


BY    FRANK    J.    8PRAOUK. 

There  lias  been  so  much  written  on  the  subject  of  electric 
elevators  which  is  pertinent  to  the  subject,  tliat  in  presenting 
this  paper  I  shall  make  free  compilation  from  others,  and,  sup- 
plementing these  extracts  with  some  new  matter,  I  shall  by 
lantern  views  illustrate  some  details  of  the  more  recent  machines, 
their  methods  of  manufacture,  and  some  steps  in  their  develop- 
ment. 

The  time  has  passed  when  any  one  can  doubt  that  one  of  the 
most  important  applications  of  the  electric  transmission  of  power, 
and  one  in  the  number  and  variety  of  its  applications  already 
rivaling  the  electric  railway  work  which  has  made  such  marvelous 
strides  in  the  past  eight  years,  is  that  of  the  operation  of  all  classes 
of  hoisting  machinery. 

Some  idea  of  the  extent  of  the  present  elevator  business  may 
be  gathered  from  the  fact  that  in  New  York  City  alone  there  are 
not  less  than  5,000  elevators  of  various  kinds,  more,  in  fact,  than 
there  are  street  cars,  and  more  people  are  carried  vertically  than 
there  are  horizontally. 

Ignoring  for  the  moment  the  specific  methods  of  application, 
and  discounting  the  difficulties  naturally  met  in  developing  ma- 
chines to  do  the  duty  required  in  modern  office  work,  not  alone 
'the  technical  difficulties,  but  those  commercial  ones  naturally  met 
when  a  new  company  enters  the  lists  with  untried  machines 
f^inst  the  entrenched  forces  of  existing  industries,  there  was 
still  much  of  encouragement  to  be  derived  from  a  backward 
glance  at  the  industrial   changes  wrought  in  the  last  few  years, 
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and  to  all  objections  raised^there  came  the  nataral  qneries :  Is  t])e 
elevator  field,  great  as  it  already  is,  limited  to  the  possible  applica- 
tion of  a  water  or  steam  motors  Is  there  no  wider,  no  more 
universal  application  of  power  for  this  claBs  of  service  than  has 
hitherto  been  presented  ?  Is  the  hydraulic  elevator  the  one 
balwark  to  stand  up  against  the  assaults  of  the  electric  giant? 
Does  it  present  such  fixity  of  design,  unit}-  of  purpose,  refine- 
ment of  processes,  economy  of  operation  and  freedom  from  acci- 
dents as  to  preclude  improvement  if  using  some  other  power  ? 

Let  us  look  at  the  record  in  other  fields  and  ask :  Why 
has  the  trolley  system,  born  only  eight  years  ago,  driven 
the  horse  from  the  street^  It  involves  great  initial  ex- 
pense, the  conversion,  distribution  and  reconversion  of 
energy.  It  faced  all  the  powers  of  conservatism,  ridicule  and 
fear.  It  had  to  combat  the  alliedjforces  of  the  Bell  telephone 
interests  tested  by  court  action  in  over  twenty  States.  It  had 
the  opposition  of  the  strongestjmunicipal  and  corporate  influences. 
Every  detail  of  the  system  had'^to  be'created,  and  yet  it  stands 
to-day  unrivalled  in  its  industrial  progress. 

Why  is  the  same  trolley  system  driving  the  cable  to  the  wall, 
and  why  has  its  adoption  marked  the  abandonment  of  a  plant 
costing  not  less  than  $3,000, 000,' in  the  city  of  Philadelphia  ?  Are 
there  many  more  examples  of  the  direct  applications  of  force  than 
the  cable  system,  many  closer  connections  between  a  great  engine 
built  for  the  highest  economy *and  that  which  it  moves  ? 

Why  is  the  steam  locomotive  giving  way  to  the  electric  motor 
on  suburban  service?  Is  there  any^more  direct  example  of  the 
application  of  steam  than  is  presented  by  a  locomotive,  the  power 
of  whose  cylinders  is  transmitted,;directly  to  the  drawbar  through 
the  intermediary  only  of  a  crank? 

Why  does  the  best  shop  practice"dictate  the  abandonment  of 
the  slow  speed  highly  economical  Corliss  engine  and  the  direct 
application  of  power  by  belts  and  shafting,  and  adopt  the  high 
speed  engine  and  direct-connected  dynamo  at  a  central  station, 
with  the  conversion,  distribution  and  reconversion  of  energy  by  a 
dozen  different  motors  at  a  greatly  increased  initial  expense  ?  Is 
it  for  any  other  reason  than  convenience,  reliability  and  economy 
of  operation  ? 

Why  has  every  overhead  crane  builder  in  the  United  States 
within  the  past  four  years  absolutely  abandoned  wire  rope,  square 
shaft  and  hydraulic  transmission  for  the  three-motor  transmission 
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which  I  advocated  only  nine  years  ago?  It  is  because  it  is 
simpler,  because  it  will  cost  less,  or  because  it  is  more  economical, 
more  flexible,  and  because  it  answers  the  purposes  better  than  the 
other  and  more  direct  S3'8tems  ? 

Why  have  the  great  central  stations  of  the  country  adopted 
electricity  for  the  transmission  of  power  to  the  hundreds  of  in- 
dustries within  the  radius  of  their  supply,  and  into  what  form  of 
energy  is  the  power  of  Niagara  being  converted  ? 

In  shorty  why  is  the  ti-ansmission  of  power  in  almost  every  case 
where  flexibility,  convenience,  economy,  eflSciency  and  reliability 
are  required  depending  upon  the  electric  method,  not  only  in 
new  work,  but  oftentimes  to  the  replacing  of  older  plants. 

The  elevator  field,  indeed,  is  a  large  one,  and  if  the  system  is 
electric,  then,  considered  from  a  commercial  standpoint,  there 
appears  the  following  possible  classes  of  work : 

1st.  High  speed  passenger  service  where  no  hydraulic  plant  is 
possible  because  of  limited  space. 

2d.  High  speed  passenger  service  in  competition  with  hy- 
draulic plants,  the  electric  plant  doing  equal  duty,  costing  less, 
occupying  less  space  than  the  hydraulic,  and  costing  much  less  to 
operate. 

3d.  Substitution  of  new  high-speed  electric  service  in  place  of 
old  steam  and  slow  hydraulic  services  in  buildings  where  the  lim- 
ited space  and  interference  with  operations  will  not  permit  con- 
sideration of  a  new  hydraulic  plant. 

4th.  Passenger  elevator  service  in  buildings  where  the  loads 
are  comparatively  light. 

5th.  Passenger  service  in  private  houses  where  safety,  simplic- 
ity and  noiselessness  are  essential. 

6th.  Freight  and  special  classes  of  work. 

For  convenience  we  may  classify  elevator  work  as  "  first-class, 
that  requiring  speeds  from  300'  to  600'  a  minute,"  including  the 
first  three  duties  above  mentioned,  and  as  "  second  class,"  those 
requiring  speeds  of  from  50'  to  250' a  minute,"  which  include  the 
remainder. 

In  general,  there  has  been  required  and  developed  two  kinds 
of  machines  to  perform  these  services.  The  first  is  the  outcome 
of  the  increased  height  of  buildings  and  the  demand  for  high 
speed  and  smooth  motion,  largely  regardless  of  cost  of  apparatus, 
space  occupied,  or  cost  of  operation. 

The  hydraulic  elevator  was  the  result  of  this  demand,  and  was 
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the  only  one  that  up  to  a  year  or  so  ago  was  accepted  for  this 
service. 

It  was  to  meet  this  demand — by  creating  an  electric  elevator 
which  would  do  the  work  equally  well,  if  not  better,  than  the  hy- 
draulic— that  the  elevator  to  be  more  specifically  described,  was 
developed  under  some  unexpected  difficulties. 

Of  course,  such  a'machine  must  have  the  speed  and  capacity 
of  the  hydraulic  elevator. 

It  must  be  absolutely^safe. 

It  should  have  advantages  in  the  matter  of  space,  and  must  be 
more  economical  to  operate. 

The  second  class  of  elevator  work,  that  which  requires  lower 
speeds,  is  applied  to  small  apartment  houses  and  other  buildings 
where  lighter  elevator  duty  is  required.  This,  for  a  long  time, 
has  been  fairly  supplied  by  worm  gear  elevators,  and  the  replacing 
of  the  steam  engine  by  an  electric  motor  has  enormously  broad- 
ened the  field  for  this  class  of  machine. 

These  two  machines,  however,  are  not  equivalents.  They  pre- 
sent two  distinct  kinds  of  rope  movement,  two  absolutely  different 
methods  of  control,  and  two  varieties  of  safeties. 

Just  here  I  will  briefly  outline  some  of  these  differences,  for 
they  constitute  in  my  mind  vital  essentials,  and  are  absolutely 
determinate  in  their  limitations. 

The  rope  movement  on  the  hydraulic  is  provided  by  an  ex- 
panding set  of  sheaves  on  which  all  the  ropes  are  maintained  in 
fixed  planes.  Four  to  six  ropes  can  be  used  on  the  machine,  and 
six  to  eight  on  the  car. 

The  sets  of  rope  can  be  equalized  at  the  machine,  and  they 
have  a  fixed  lead  in  the  hoistway. 

The  machines  can  be  double  and  treble  decked,  and  they  have 
absolute  limits  of  mechanical  travel. 

All  of  these  features  are  of  the  greatest  importance  when  deal- 
ing with  high  lifts,  large  powers  and  fast  travel. 

The  drum  machine,  while  having  a  distinct  field  of  its  own, 
and  a  most  useful  one,  has  not  a  single  one  of  the  characteristics 
mentioned.  It  cannot  well  use  over  two  ropes  on  the  drum,  and 
they  cannot  be  equalized  at  the  machine.  The  lead  is  a  shifting 
one,  and  on  long  lifts  this  may  be  as  much  as  from  four  to  five 
feet. 

These  particular  objections  have  been  met  in  a  type  of  machine 
which  may  be  called  a  cable  drum  machine,  where  the  drive  is  by 
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friction  of  the  rope  in  the  sheave  grooves,  but  in  both  these  ma- 
chines, the  plain  drum  and  the  cable  drum,  there  is  the  very 
grave  objection  that  there  are  no  fixed  limits  of  mechanical  travel 
which  are  independent  of  the  armature  movement,  and  on  fast 
speeds  particularly,  this  is  absolutely  essential. 

In  the  drum  machines  the  driving  power  is  applied  through 
one  or  more  worm  geare. 

In  my  own  practice  on  light  service,  such  as  house  automatic 
machines,  and  a  low  class  of  freight  work,  I  use  a  single  gear  with 
double  ball  thrust  bearings,  and  on  heavier  work,  a  right  and  left 
handed  gear  generally  cut  on  the  Hindley  form,  to  give  the  full- 
est amount  of  gear  surface,  and  with  the  shafts  connected  by  in- 
dependent machine-cut  spur  gearing,  which  allows  the  worm 
gears  to  be  free  from  each  other. 

There  is  another  distinction — that  of  control. 

The  hydraulic  machine  is  necessarily  a  gravity  machine,  using 
power  only  in  hoisting,  its  speed  on  the  down  side  being  con- 
trolled by  the  rate  of  water  exit.  The  machine  is,  of  course,  under 
counter-weighted. 

In  the  drum  machine,  when  there  is  any  attempt  at  economy, 
over  counter-weighting  is  generally  used,  part  from  the  car  and 
part  from  the  back  of  the  drum,  the  over  counter-weighting  being 
approximately  equal  to  the  average  load. 

With  these  two  types  of  apparatus  as  precedents,  the  problem 
was: 

How  far  can  electricity  be  applied?  What  are  the  limitations 
of  control  ?  What  the  conditions  of  installation  and  operation, 
and  to  what  extent  could  one  type  be  eliminated  ? 

And  the  answer  is:  Both  types  must  be  used,  but  for  distinct 
classes  of  service. 

Taking  the  drum  type  and  considering  electrical  control  on  a 
machine  over-balanced  for  average  service,  the  load  up  or  down 
is  sometimes  with  and  sometimes  against  the  machine.  To  con- 
trol such  a  machine  directly  from  a  supply  circuit,  (and  I  cannot 
seriously  consider  any  other,  no  matter  how  ingenious  or  refined, 
as  meeting  general  conditions),  there  is  one  method  only,  and 
that  is  the  use  of  a  rheostat  in  starting,  and  the  inverse  variHtion 
of  the  strength  of  the  shunt  field  for  about  a  two  to  one  variation 
in  speed.  A  cumulative  series  coil  is  only  permissible  in  starting 
if  variations  of  speeds  arc  controllable,  and  in  any  event  these 
variations  are  limited.  Such  a  machine  is,  however,  the  best  for 
second-class  service. 
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Every  one  is  familiar,  of  course,  witli  the  conditions  of  ordinary 
freight  work.  I  might,  however,  here  point  out  an  important 
branch  of  this  industry,  and  one  which  is  destined  for  very  wide 
application,  and  that  is  automatic  house  service,  the  machine  to 
be  controlled  without  an  operator,  and  so  installed  as  to  be  as 
safe  as  a  stairway. 

Briefly,  such  a  machine,  on  my  system  of  working,  is  equipped 
with  an  interlocking  switch  device  on  the  machine,  having  a  co- 
ordinating movement  with  it,  and  with  the  controlling  circuit  in 
series  with  a  number  of  door  switches  automatically  opened  or 
closed  with  the  doors.  The  doors  themselves  are  fitted  with 
mechanical  locks,  allowing  a  car  to  be  opened  only  during  a  range 
of  movement  from  ^^  above  to  (>"  below. 

At  each  floor  is  a  single  controlling  button.  If  the  machine  is 
at  rest,  the  pressing  of  a  button  calls  the  car,  wherever  it  may  be, 
to  the  particular  floor  at  which  it  is  wanted,  where  it  automati- 
cally stops.  When  the  door  is  open  it  cannot  be  started,  and 
when  running,  no  one  else  can  call  it  from  the  floor  for  which  it  is 
destined.  The  machine  also  has  an  additional  control  in  the  car, 
and  the  safeguards  attending  its  operation  are  such  as  to  make  it 
safe  for  servant,  nurse,  child  or  invalid. 

The  development  of  the  multiple  screw  elevator  was  under- 
taken for  the  express  purpose  of  supplanting  in  a  large  way 
the  former  standard  for  high  duty  office  service,  and  although  not 
by  any  means  an  easy  problem,  either  electrically  or  mechanically, 
a  knowledge  of  what  the  hydraulic  elevator  is,  and  the  variation 
of  the  types  existing,  gave  adequate  reasons  for  its  attempt. 

Let  us  consider  for  a  moment  a  hydraulic  system,  and  institute 
a  few  comparisons. 

It  consists  primarily  of  a  steam  cylinder,  or  a  multiplicity  of 
steam  cylinders,  working  ordinarily  under  poor  conditions  of  steam 
economy,  that  is  with  a  fixed  cut-out  in  the  high  pressure  cylinder 
of  a  compound  pump,  or  no  cut-off  in  any  cylinder  of  a  simple 
pump.  This  element  corresponds  to  the  cylinders  of  a  steam 
engine  in  the  electric  system,  which  use  steam  expansively  with 
a  cut-oflf  varying  according  to  the  load,  and  under  pressure  con- 
ditions which  are  somewhat  better  than  exist  in  a  pump.  It  is  to 
duplicate  the  results  of  this  system  of  variable  cut-offs  and  steam 
expansion,  that  the  energies  of  the  various  pump  builders  have 
been  more  or  less  ineflfectually  l)ent  for  a  great  many  years  in  plain 
acknowledgement  of  that  defect  in   their  simple  and   duplex 
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pumps,  the  latter  of  which  is  common  to  almost  every  hydraulic 
plant  of  any  size  in  the  United  States. 

It  is  true  that  a  so-called  ''high  duty"  pnmp  with  equalizing 
piston  is  used  on  some  of  the  larger  elevator  plants,  but  its  use 
has  not  proven  by  any  means  entirely  successful,  because  of  the 
spasmodic  nature  of  the  service. 

Among  the  high  duty  pumps,  the  flywheel  type,  such  as  is  used 
on  large  water  pumping  stations  has  been  attempted,  but  rarely, 
I  may  fairly  say,  with  success. 

The  next  element  is  the  water  cylinder,  which  corresponds  to 
the  dynamo  in  the  electric  system,  and  on  account  of  the  high  fric- 
tion due  to  the  packing,  the  efticiency  of  a  water  cylinder  with 
its  valves  is  not  ordinarily  equal  to  that  of  a  dynamo,  which  with 
a  motor  stands  to-day  tlie  typical  example  of  an  efficient  energy 
converter. 

The  next  element  is  the  piping  and  the  tanks,  compression  or 
roof,  and  perhaps  an  accumulator,  into  or  through  which  the 
water  is  pumped  for  delivery  to  the  controlling  valves  of  the 
elevator,  and  that  which  corresponds  to  this  iu  the  electric  system 
is  its  simple  wiring,  and  if  a  storage  battery  is  used,  then  this 
last  in  conjunction  with  it. 

Any  competent  engineer  knows  that,  measured  by  standard 
practice,  a  given  number  of  pounds  of  energy  can  be  delivered  to 
the  controlling  apparatus  of  an  electric  elevator  for  less  pounds  of 
steam,  that  is,  water  evaporated,  through  the  medium  of  no  less 
than  fifty  combinations  of  engines  and  dynamos,  than  can  l)e  de- 
livered to  the  valves  of  any  hydraulic  cylinder  through  the  stand- 
ard pumps  permissible  in  average  elevator  service.  To  be 
specific,  the  average  water  evaporation  on  a  compound  duplex 
pump,  which  is  almost  universally  used,  will  in  practice,  be  not 
less  than  about  60  to  70  pounds  per  horse-power  of  water  energy 
delivered  to  the  controlling  valves,  whereas  the  electric  combina- 
tion will  easily  give  the  same  for  less  than  40  pounds. 

There  are  exceptional  conditions  in  which  a  higher  economy 
can  be  gotten  in  a  hydraulic  system,  but  they  are  few  and 
are  not  typical,  and  under  equal  conditions  the  steam  consumption 
in  an  electric  system  can  be  cut  in  two. 

But  this  is  not  all.  The  fact  is  persistently  ignored,  although 
the  attempt  is  made  to  offset  it  by  recent  experiments  with  a 
differential  piston,  that  a  standard  hydraulic  elevator  uses  the 
same  amount  of  water  under  the  same  pressure  for  every  foot  of 
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travel  of  a  car,  which  volume  of  water  and  pressare  are  deter- 
mined by  the  maximum  load  which  has  to  be  carried,  although  the 
average  load  on  the  ropes,  including  the  excess  of  car  over  counter- 
weight, is  not  over  one-third  of  the  maximum.  On  the  other 
hand,  the  electric  elevator  uses,  and  must  use,  under  normal  con- 
ditions, current  directly  proportional  to  the  work,  modified  in  a 
small  degree  by  starting  and  slow  running. 

In  short,  over  and  above  the  friction  load  of  the  generating 
system,  the  steam  consumption  in  the  engines  and  the  generation 
of  electricity  in  the  dynamo,  vary  with  the  demand  of  the  elevator 
machines.     It  is  a  system  which  is  of  necessity  automatic. 

On  the  other  hand,  the  hydraulic  system  is  one  of  the  most 
flagrant  violators  of  the  relation  which  should  exist  between  de- 
mand and  supply.  It  is  a  system  of  transmission  by  water,  hav- 
ing at  one  end  a  generating  plant  doing  full  duty  for  every  foot 
of  travel  of  its  piston,  with  a  variable  duty  on  an  elevator  car  at 
the  other  end,  and  an  intermediate  straight  line  water  engine 
with  its  pipes  and  tanks  taking  care  of  that  variable  duty,  and 
using  the  balance  of  its  energy  in  heating  the  water  which  passes 
through  its  valves. 

Lack  of  economy,  however,  is  not  the  only  objection  to  the 
hydraulic  system  when  looked  at  from  the  architect's  or  builder's 
standpoint.  Until  recent  developments,  these  have  always  been 
strictly  handicapped,  not  so  much  perhaps  in  the  matter  of  cost, 
but  in  the  internal  arrangements  of  the  building  as  well  as  in  the 
lay-out  of  the  basement,  neither  of  which  could  be  finally  and 
satisfactorily,  if  even  then,  determined,  until  the  particular  type 
of  machine  had  been  accepted  by  the  owner,  and  the  contract 
finally  made  for  it. 

Nor  has  there  been  either  singleness  of  de&ign  or  unity  of  plan 
of  operation.  Each  maker  has  had  his  own  form  of  construction, 
his  special  method  of  control.  Every  building  has  brought  up  a 
problem  more  or  less  new,  or  at  least  conditions  which  had  to  be 
seriously  considered  in  determining  the  elevator  service.  Hori- 
zontal and  vertical  machines,  in  basement  or  shaft ;  high  or  low 
multiplications;  long  and  short,  single  and  jointed  cylinders; 
big  and  little  diameters ;  large  and  small  sheaves ;  free  and  sus- 
pended counter-weights ;  pulling  and  pushing  machines ;  direct 
and  differential  pistons ;  roof  tanks,  stand  pipes,  accumulators 
and  compression  tanks;  high  and  low  pressures;  hand  rope, 
wheel  or  pilot-valve  control ;    simple  or  compound  pumps— all 
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have  made  a  nightmare  of  complications,  giving  more  initial  and 
continuing  source  of  complaint  and  dispute  than  all  thp  other 
engineering  problems  in  a  building. 

80  what  more  natural  than  that  they  should  turn  to  electricity 
for  emancipation?  And  this  tendency  is  augmented  by  other 
reasons. 

Leaving  out  central  station  snpply,  always,  when  properly 
equipped,  to  be  preferred  when  the  electric  service  is  of  a 
spasmodic  or  limited  character,  and  considering  for  the  present 
those  large  plants  which  characterize  the  modern  office  or  hotel 
building  and  in  a  way  rival  central  stations,  every  engineer  knows 
that  the  fewer  the  number  of  well-proportioned  units,  the  more 
alike  they  are,  the  freer  the  interchangeability  between  them- 
selves, and  the  greater  the  extent  to  which  any  one  unit  can  be 
utilized,  the  better  the  system  for  power  generation  and  conver- 
sion, no  matter  what  its  character. 

The  best  modern  practice  makes  a  three-unit  direct-connected 
engine  and  dynamo  plant  the  best  for  lighting  a  building.  There 
is  an  empirical  relation  existing  between  the  number  of  lights 
required  in  a  building  as  ordinarily  designed,  and  the  elevator 
service.  When,  in  addition  to  the  lighting  service,  such  a  build- 
ing adopts  electric  elevators,  it  is  not  now  necessary  that  it  shall 
add  an  independent  generating  plant. 

All  that  is  required  is  that  the  three  units  should  be  somewhat 
increased  in  size  and,  perhaps,  one  of  them  preferably  divided^ 
the  mains  all  taken  to  a  common  switchboard  with  two-way 
switches,  and  every  engine  and  dynamo  thus  made  interchange- 
able on  either  the  lighting  or  elevator  circuits,  and  at  times  both, 
especially  if  using  a  slow  acting  corrective  converter,  some  of  each 
can  be  run  from  the  same  engine  and  dynamo.  So,  instead  of 
five  or  six  units,  some  water  and  some  electric,  the  entire  gener- 
ating plant  is  reduced  to  a  single  system  consisting  of  three  units 
of  one  size,  or  two  of  that  size  and  two  of  a  half  size,  which  can 
be  run  interchangeably,  and  one  of  which  is  almost  always  in 
reserve. 

Just  here  it  is  well  to  consider  the  probable  application  of  the 
storage  battery  which,  if  built  with  plenty  of  lead,  with  large 
surfaces  and  for  heavy  momentary  discharges  rather  than  for 
long  time  steady  discharges,  will  prove  a  most  important  adjunct 
to  elevator  service,  which,  like  railway  work,  is  spasmodic  in 
character. 
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A  modern  office  electric  elevator  on  actual  average  service  re- 
qnires  ^n  expenditure  of  about  one  kilowatt  hour  per  car  mile  of 
travel  for  every  eight  or  ten  feet  of  platform  area.  A  car  will 
make  from  1^  to  2^  miles  per  hour,  so  that  a  battery  of  six  ele- 
vators will  run  from  9  to  15  miles,  although  very  rarely  making 
over  12  miljBS  per  hour.  With  an  ordinary  car,  say  from  30' 
to  35'  area,  this  would  mean  from  3  to  3^  kilowatt  hours  per  car 
mile  of  travel,  or  say  35  to  40  kilowatt  hours  for  a  battery  of  six 
machines.  Without  a  battery  this  would  require  a  120  kilowatt 
machine  as  ordinarily  rated,  worked  at  an  average  of  35  to  40  per 
cent.  load.  With  a  properly  constructed  battery  a  60  or  even  a  50 
kilowatt  machine  will  handle  the  elevators. 

Koughly  speaking,  a  storage  battery  should  be  able  to  stand 
twice  the  dynamo  rate  for  from  three,  to  seven  or  eight  seconds, 
and  the  dynamo  rate  for  one-half  a  miimte.  If  it  has  an  hour 
discharge  capacity  equal  to  the  dynamo  capacity  in  kilowatt 
hours,  it  should  be  perfectly  capable  to  run  the  Saturday,  Sun- 
day and  night  service  required  in  an  elevator  plant  without  losing 
more  than  one-half  its  charge. 

So  much  for  the  general  conclusions  on  electric  elevators,  which 
are  necessarily  more  or  less  brief. 

To  meet  the  hydraulic  machine  there  was  designed  and  devel- 
oped what  is  now  known  as  the  Sprague-Pratt  multiple  sheave 
electric  screw  elevator,  following  the  general  lines  of  a  tension 
hydraulic  machine  in  the  matter  of  rope  movement,  limit  safeties 
and  method  of  control. 

The  net  result  has  been,  that  this  machine  now  stands  the  su- 
perior to  the  hydraulic  elevator  in  that  it  has  its  speed  and  capa- 
city with,  if  anything,  greater  safety,  and  certain  advantages  in 
its  automatics. 

On  high  lifts  it  occupies  less  space  ;  it  is  more  flexible  in  its 
application,  is  more  economical  to  operate,  and  it  is  more  easily 
cared  for 

Oeneral  Description, — The  machine  may  be  described  as  the 
combination  of  two  old  elements  with  one  new  one,  with  specific 
safeties  and  methods  of  control. 

Briefly,  it  is  of  the  horizontal  multiple  sheave  type,  with  a 
traveling  erossheadand  frictionless  nut  driven  by  a  screw  revolved 
by  a  motor  directly  connected,  and  governed  by  a  pilot  motor 
and  rheostat. 

The  general  construction  consists  of  a  heavy  main  beam,  carry- 
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ing  the  traveling  crosshead  and  the  lower  screw  bearing,  with 
special  castings  bolted  at  each  end,  one  carrying  tlie  fixed  set  of 
sheaves,  and  the  other  the  thrust  bearing,  brake  and  motor.  The 
regulating  apparatus  is  independent  and  self-contained,  and  is 
placed  on  the  wall.  From  the  car  to  the  system  of  multiplying 
sheaves  the  direct  multiplying  machine  and  the  horizontal  hy- 
draulic elevator  are  practically  the  same.  The  crosshead,  however, 
marks  the  point  of  departure  in  the  two  types. 

In  the  hydraulic  machine,  this  crosshead  is  rigidly  attached  to  the 
end  of  a  rod  which  terminates  in  a  piston  moving  in  a  cylinder 
having  an  inside  length  equal  to  the  lineal  movement  of  the  cross- 
head.  This  cylinder  in  the  vertical  type  of  hydraulics  varies 
from  30  to  50  feet  in  length,  with  from  2  to  12  sheave  multiplica- 
tions, and  in  the  horizontal  types  the  multiplication  runs  as  high 
as  14,  with  corresponding  diminution  of  length  of  cylinder  and 
increase  in  cross-section.  Whatever  the  gearing,  however,  the 
length  of  cylinder  is  a  function  of  the  car  travel.  In  this  electric 
elevator,  the  crosshead  being  moved  along  a  screw,  stationary  so 
far  as  the  lineal  movement  is  concerned,  there  is,  with  any  given 
number  of  sheaves — only  one  variable — the  length  of  screw  ;  and, 
for  all  heights  above  about  100  feet,  the  electric  machine  has  an 
advantage  in  matter  of  length,  which,  with  increased  rises,  be- 
comes of  great  importance. 

Looking  to  the  needs  of  office  buildings,  there  has  been 
adopted  two  methods  of  rope  multiplication,  determined  by 
the  height  of  building,  and  so  selected  that  the  length  of  machine 
over  all,  shall  not  exceed  about  30  feet  for  rises  approaching 
300  feet  actual  car  travel.  From  this  the  length  grades  down  to 
about  21  feet,  so  that  all  rises  between  60  and  300  feet  can  be 
taken  care  of  with  an  extreme  variation  of  nine  or  ten  feet  in  the 
length  of  machine,  and  there  is  thus  provided  limiting  dimension 
data  of  great  convenience  and  utility. 

These  systems  of  multiplication  I  may  term  direct  and  indi- 
rect. In  the  former,  the  entire  multiplication,  varying  from  six 
to  ten,  is  done  at  the  machine,  and  the  ropes  lead  from  the  end 
sheaves  over  the  shaft  sheaves  direct  to  the  car.  A  free  counter- 
weight is  used,  the  ropes  being  fastened  to  the  car  frame.  In 
this  method,  which  is  that  common  to  all  horizontal  and  to  many 
vertical  hydraulic  inachines,  the  hoisting  and  counter-weight 
ropes  have  unequal  duty;  furthermore,  the  ropes  having  the  maxi- 
mum bending,  travel  on  the  outboard  sheaves  at  the  same  speed 
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as  the  car.  This  last  is  the  case  also  with  all  vertical  hydraulics. 
In  some  of  the  latter,  the  counter-weight  is  carried  in  the  cylinder 
on  the  piston,  or  in  the  strap,  or  both,  its  weight  being  as  nlany 
times  that  of  a  free  counter-weight  as  there  are  multiplications. 
Sometimes  both  methods  are  used. 

Economy  of  operation  and  smoothness  of  movement,  however, 
are  antagonistic  in  their  relations  to  the  amount  of  counter-weight 
carried.  The  l^est  method  is  probably  that  used  when  there  is  a 
single  multiplication  in  the  shaft,  giving  a  two  to  one  counter- 
weight traveling  at  half  speed,  and  carried  by  all  the  car-hoisting 
ropes,  as  is  done  for  short-rise  vertical  hydraulic  elevators. 

For  long  rises  I  have  adopted  a  combination  vertical  and  horizon- 
tal machine  rope  practice,  giving  even  a  more  compact  machine,  a 
longer  life  of  ropes,  and  better  counter-weight  results. 

In  this  indirect  system  there  is  a  division  of  multiplication, 
which,  while  having  the  same  effect  so  far  as  speed  of  car  and 
length  of  machine  are  concerned  as  a  high  direct  multiplication, 
has  an  entirely  different  result  in  the  wear  on  the  ropes  and  the 
amount  of  counter-weight  which  can  be  carried  without  jumping. 

This  is  accomplished  by  making  one-half  the  multiplication 
(6  or  8)  on  the  machine,  the  ropes,  properly  proportioned,  going 
thence  to  the  bottom  of  the  counter-weight  frame,  which  has  a 
single  multiplying  sheave  on  top.  The  car  ropes  go  over  the 
shaft  sheaves,  under  the  counter-weight  multiplier,  and  back  up 
the  hoistway,  where  they  are  anchored,  giving  a  car  speed  twice 
that  of  the  counter-weight.  The  equalizing  chains,  used  to  make 
the  pull  of  the  car  with  any  given  load  constant  at  all  points  of 
the  hoistway,  are  fastened  to  the  bottom  of  the  counter- weight 
frame  and  anchored  in  the  hoistway. 

The  space  occupied  by  this  multiplier  is  only  two  or  three 
inches  more  than  by  ordinary  form  of  counter-weight.  A  propor- 
tionally shorter  screw,  fewer  revolutions,  and  sheaves  of  greater 
diameter,  characterize  this  type  of  multiplying  machine. 

This  system  seems  to  be  the  best  yet  devised  for  long  rises,  for 
not  only  do  all  the  car  ropes  do  equal  duty,  both  with  relation  to 
the  hoisting  strain  and  the  counter-weight,  but  the  rope  wear 
must  be  less,  because  of  the  division  of  speed  and  multiplication, 
the  necessity  of  changing  only  one-half  of  the  ropes  at  a  time, 
and  the  possibility  or  reversal  of  the  ropes  on  the  multiplying 
machine  to  get  a  new  wear. 

Where  space  is  limited,  I  use  a  double  decked  machine,  and  in 
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the  new  Commercial  Cable  Building,  which  is  to  be  21  stories 
high,  the  machines  will  be  treble  decked,  and  about  10^  feet  in 
height. 

Details. — Turning  now  to  the  detail  construction  and  operation 
of  this  machine,  there  are  a  number  of  features  claiming  special 
attention,  each  unique  in  character,  and  marking  a  radical  depart- 
ure from  all  other  elevator  practice.  These  are  the  nut,  screw, 
and  thrust  bearing,  the  brake,  the  motor  and  the  regulator  ap- 
paratus. 

One  of  the  most  interesting  as  well  as  important  features,  and, 
perhaps,  the  one  which  has  been  most  frequently  attacked,  is  the 
nut  system.  It  joins  the  crosshead  of  the  traveling  sheaves  by  a 
conical  seat.  There  is  no  fastening  between  the  nut  and  the 
crosshead,  the  continual  weight  of  the  car  always  keeping  them 
in  contact ;  and  the  friction  at  this  point,  being  greater  than  be- 
tween the  nut  and  the  screw,  enables  the  latter  to  transmit  a 
straight-line  movement  to  the  crosshead  when  the  screw  is  re- 
volved by  the  motor,  and  also  to  revolve  the  screw  and  drive  the 
motor  as  a  dynamo  when  the  mechanical  brake  releases  the  screw 
to  allow  the  car  to  descend.  These  are  the  normal  functions  of 
hoisting  and  lowering.  There  are  several  other  distinct  functions 
of  this  nut  which  will  be  described  in  considering  the  "safeties." 

Continuing  the  line  of  transmission  of  power,  the  only  points 
of  contact  between  the  interlocking  nut  and  screw  are  by  a  chain 
of  balls  which  occupy  a  number  of  threads,  and  enter  and  leave 
the  ends  of  the  nut  through  tubes  which  are  connected  together 
so  as  to  make  a  continuous  conduit.  This  is  one  of  the  most  vi- 
tal points  of  the  elevator  apparatus,  and  herein  lies  one  of  the 
most  potent  reasons  of  its  success — the  reduction  of  friction  by 
rolling  instead  of  sliding  surfaces  on  almost  all  parts  under  pres- 
sure ;  for  not  only  is  the  nut  so  constituted,  being  in  fact  a  de- 
veloped spiral  thrust-bearing,  but  the  thrust-bearing  at  the  motor 
end  of  the  screw  is  taken  on  balls  and  the  sheaves  are  carried  on 
ball  or  roller  bearings. 

This  nut  being  a  vital  part,  its  development  has  been  most 
thorough,  and  a  peculiar  treatment  of  steel  which  has  been 
adopted  renders  its  surface  so  hard  that  the  wear  is  very  small, 
and  it  is  well  within  commercial  limits. 

So  free  is  the  machine  from  static  friction  that  it  is  possible 
to  start  the  car  with  a  very  slight  increase  of  current  over  the 
normal  hoisting  current,  providing  time  be  taken  so  that  the  work 
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done  in  acceleration  is  small  to  the  work  of  lifting,  althongh  tliat 
is  not  tlie  nsnal  practice. 

Tlie  balls  have  an  average  crushing  strain  of  25,000  pounds 
each,  hut  the  working  pressure  varies  from  onl;  50  to  125  potinds 
per  ball. 

The  nut  eystem  is  a  compound  one,  for,  besides  the  working- 
ball  nut  there  is  another,  called  the  "  safetj-nnt,"  to  which  I  will 
make  reference  later,  keyed  to  it,  and  between  the  two  is  a  pow- 
erful spring  under  compression. 

The  screw  is  a  forced  bar  of  high  carbon  steel  with  a  peculiarly 
aliitped  tliread,  the  iinished  screw  having  a  tensile  strength  of 
700,000  pounds  It  passes  through  tlie  clearance  hole  in  the 
steel  trunnion  crosshead,  winch  carries  the  traveling  sheaves, 
then  through  tlie  nut,  and  is  earned  at  the  outer  end  by  a  fixed 
bearing 


This  screw  ie  sectioned,  being  joined  to  the  armature  shaft  by 
a  cone-seated  coupling,  secured  by  a  taper  gib. 

The  in-board  end  of  the  armature  shaft,  which  is  in  effect,  the 
extension  of  the  screw,  terminates  in  the  thrust-bearing,  where  the 
pressure  is  taken  by  about  200  steel  balls  carried  in  a  bronze  guide 
plate  and  bearing,  by  specially  hardened  steel  disks.  The  thrust 
of  the  screw  being  thus  taken  up  on  the  in-board  end,  the  strain 
on  the  screw  is  invariably  between  that  end  and  the  traveling 
crosshead — never  beyond  this ;  hence,  it  is  always  under  extension 
strain — never  under  compression,  and  cannot  buckle. 

The  action  of  the  halls  on  the  screw,  which  is  untreated,  is 
peculiar.  They  form  a  path  for  themselves,  partly  by  wear,  but 
principally  by  rolling  compression  of  the  steel,  which  finally  be- 
comes exceedingly  hard,  such  tliat  the  edge  of  any  ordinary 
machine  tool  would  be  turned. 

The  balls  themselves  wear  very  evenly.  Oblique  forms  in 
nonnal  practice  cannot  exist. 
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Beyond  the  thrust-plates  is  keyed  an  iron  pulley,  connected  by 
a  flexible  coupling  with  the  motor  shaft.  The  function  of  the 
brake  is  that  of  locking  the  screw  when  at  rest,  it  is  not  a  means 
of  varying  tlie  speed.  In  case  of  accident,  it  has  the  additional 
function  of  lielping  to  stop  the  screw.  It  may  be  described  as  a 
compound  electro-mechanical  brake.  A  steel  brake  band,  wood- 
lined,  is  anchored  at  one  end,  the  hoisting-side  on  the  motor-bed 
frame,  and  the  other  end  is  continually  pulled  down  by  a  power- 
ful spring  under  compression.  The  mechanical  movement  in 
opposition  is  through  the  medium  of  a  peculiar  magnet.  It  is 
operated  by  a  dual  circuit,  one  in  hoisting,  another  in  lowering.  In 
the  event  of  failure  of  current  for  any  reason,  or  too  high  a  speed 
on  the  down  run,  this  magnet  releases  the  brake  in  the  latter  ease 
by  a  snap  switch,  operated  by  an  adjustable  Pickering  centrifugal 
governor  driven  by  the  main  screw — and  the  brake  band  promptly 
grips  the  brake  wheel  softly  yet  powerfully. 

Motor, — The  motor,  which  is  of  the  multipolar  type,  is  carried 
on  the  same  casting  which  contains  the  thrust  bearing.  The  field 
magnets  are  of  steel,  and  are  excited  by  two  circuits ;  one,  known 
as  the  shunt  circuit,  being  variable  in  strength  at  will,  so  as  to 
vary  the  maximum  speed  of  the  machine,  and  the  other,  a  series 
circuit,  which  acts  to  strongly  compound  the  field.  This  type  of 
elevators  is  differentiated  from  all  other  electrics  by  the  fact  that 
the  action  is  like  that  of  the  hydraulic,  for  it  always  works  against 
gravity.  In  hoisting,  the  motor  takes  current  from  the  line,  but 
in  lowering,  its  main  circuit  is  cut  off  from  the  line,  and  the 
motor,  rotating  in  an  opposite  direction,  is  driven  as  a  dynaino  by 
the  weight  of  the  car.  A  strong  element  of  safety  existed  in 
the  fact  that  the  current  in  the  field  coils  is  never  reversed,  and 
consequently  the  machine  is  never  demagnetized.  Hence,  under 
certain  conditions  of  the  operation  of  the  safeties,  it  has  a  power 
of  self-excitation  which  is  of  importance. 

The  armature  which  turns  in  this  field  is  of  the  ironclad  type, 
and  not  liable  to  injury  of  any  kind. 

It  is  mounted  on  a  sleeve,  is  of  the  2-path  scries  winding,  has 
a  very  large  commutator,  and,  of  course,  multiple  carbon  brushes- 
The  field  coils  can  be  removed  without  disturbing  any  other  part. 

Control. — Considered  in  its  simplest  form,  and  in  connection 
with  its  action  upon  the  motor  and  multiplying  machine,  without 
reference  to  the  means  of  communication  between  the  car  and  the 
regulator,  this  last  is  a  very  simple  device.      It  is  composed  of 
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two  parts,  each  made  up  of  peculiarly  shaped  iron  grids  of  vari- 
ous sizes  arranged  in  circular  form,  connected  to  copper  contacts 
on  a  slate  disk  over  which  passes  a  heavy  carbon  brush. 

The  use  of  iron  castings  of  a  specific  composition,  possesses 
great  advantage  over  any  form  of  wire  resistance,  not  alone  in 
the  matter  of  cost.  They  are  flexible,  they  expand  in  any  di- 
rection readily,  and,  as  made,  they  have  a  resistance  of  from  forty 
to  fifty  times  that  of  copper,  or  roughly,  that  of  German  silver. 
The  grids  are  interchangeable,  and  any  of  them  can  be  readily 
replaced. 

One  side  of  the  rheostat  is  for  regulation  in  hoisting,  the  other 
for  lowering.  Instead  of  moving  this  regulator  by  hand,  it  is 
operated  by  a  pilot  motor  wound  with  a  right  and  left  handed 
field,  one  or  the  other  of  which  only  at  a  time,  can  be  in  circuit  with 
the  armature.  This  pilot  is  connected  to  the  rheostat  arm  by  a 
single  reduction  worm  gear,  and  is  operated  either  from  the  base- 
ment or  the  car,  according  to  the  position  of  the  "change  over" 
switch,  by  an  "  up  "  and  ''  down  "  button  with  an  automatic  lever 
stop  which  normally  has  to  be  held  by  the  operator  to  prevent  the 
pilot  returning  to  a  stop  position.  The  spindle  of  the  rheostat 
arm  operates  switches  co-ordinating  in  their  movement,  in  turn 
controlling  the  magnetic  make-and-break  circuit  switches,  the 
down  brake,  and  also  the  automatic  stop  lever  switches  which 
limit  the  pilot  movement. 

The  use  of  magnetic  switches  instead  of  hand  control  switches 
not  only  removes  the  arcing  from  the  face  of  the  rheostat,  but  it 
gives  the  benefit  of  instantaneous  cut-offs  not  possible  by  any 
other  means  of  control. 

This,  on  fast  machines  is  of  the  utmost  importance,  and  the 
practical  application  is  that  if  a  car  is  on  the  '^up  "  motion,  and  an 
operator,  because  of  carelessness  or  because  of  fright  lets  go  his 
stop  handle,  the  current  is  instantly  cut  off,  the  regulator  follow- 
ing to  stop,  and  the  car  is  arrested  in  the  shortest  time  practicable. 

Assuming  that  the  circuit  is  made  for  the  up  movement,  it  first 
meets  with  a  resistance  sufficient  to  about  hold  the  car  and  lift  the 
brake.  This  resistance  is  then  gradually  cut  out,  the  torsional 
effort  of  the  armature  is  increased,  giving  the  car  an  upward 
movement  with  an  acceleration  depending  upon  the  rate  of  move- 
ment of  the  rheostat  arm,  and  with  a  final  velocity  determined 
by  the  point  at  which  the  arm  is  stopped. 

If,  while  hoisting,  for  any  reason  the  current  is  cut  off,  the  tor- 
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sional  effort  ceases,  the  brake  instantly  comes  into  action  and  the 
car  comes  to  rest. 

In  lowering,  the  brake  is  lifted  by  an  independent  circuit,  but 
the  armature  istirst  short-circuited  on  itself,  and  becomes  a  most 
powerful  dynamic  brake.  As  the  resistance  in  this  circuit  is  in- 
creased, the  car  runs  faster.  When  it  approaches  the  lower  limit 
of  movement,  an  independent  retarding  circuit  is  established,  and 
gradually  reduces  the  resistance.  This  brings  the  car  to  the  slow- 
est movement. 

The  pilot  movement  regulation  is,  to  my  mind,  an  absolute  ne- 
cessity of  fast  passenger  work  ;  and  its  application,  although  at 
first  attended  with  a  number  of  annoying  difficulties,  is  to-day  by 
far  the  most  reliable  method  of  control  known. 

Safeties. — Of  course,  the  vital  question  to  be  considered  in  any 
elevator  system  is  that  of  safety.  In  that  respect,  I  think,  we  are 
amply  provided.     Safeties  may  be  considered  under  two  heads: 

First,  those  on  the  car,  and  second,  those  on  the  hoisting  ma- 
chine. 

On  the  car  we  use  a  special  centrifugal  which  is  attached  to  the 
lower  section  of  the  car  frame. 

It  consists  of  two  long  levers,  short-fulcrumed  at  the  sides  of  the 
car  and  operating  clamping  jaws  which  run  in  close  proximity  to  the 
car  rails,  but  normally  out  of  contact  with  them.  The  inner  ends 
of  the  levers  overlap,  and  in  action  are  pressed  apart  by  a  wery 
powerful  spring  under  compression.  When  out  of  action,  these 
levers  are  drawn  to«;ether,  the  spring  is  put  under  compression, 
and  the  system  locked  by  a  trigger.  Near  tlie  trigger  is  a  centrif- 
ugal governor,  operated  by  a  standing  rope,  which  at  a  determined 
speed  releases  the  trigger,  frees  the  levers,  and  the  safeties  clamp 
the  rails  with  a  pressure  of  about  16  tons.  This  safety  can  be 
released  from  the  inside  of  the  car. 

In  the  car,  as  has  already  been  described,  there  is  an  automatic 
stop  contact  which  operates  to  bring  the  regulator  to  the  stop 
position  and  tlie  car  to  rest,  in  case  the  conductor  removes  his 
hand  from  the  controller  because  of  crowding,  accident  or  careless- 
ness. 

On  the  hoisting  machine  there  are  a  number  of  safeties.  One 
which  is  perfectly  apparent  is  due  to  the  fact  that  the  crosshead 
is  moved  by  a  screw  with  a  heavy  armature  on  the  end  of  it, 
which  is  driven  through  the  medium  of  a  nut  by  a  ciir  of  limited 
driving  capacity.     The  screw  itself  is  of  forged  steel,  under  ten- 
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sion  and  torsion  strains,  with  a  safety  factor  of  at  least  twenty 
to  one. 

The  hoisting  nut,  as  already  described,  is  hardened  by  a  specific 
process  which  makes  its  wear  very  limited.  In  addition  to 
this,  there  is  in  the  nut-  system  what  is  called  a  '^safety 
nut."  Normally  this  is  out  of  contact  with  the  thread  of  the 
screw,  but  it  is  secured  to  the  hoisting  nut,  and  should  any  acci- 
dent happen  to  the  latter,  breaking  its  hold  on  the  screw,  this 
safety  nut,  the  threads  of  which  interlock  with  the  screw's  threads 
to  a  greater  depth  than  the  thread  of  the  hoisting  nut,  would 
then  take  the  place  of  the  hoisting  nut  and  securely  grip  the 
screw.  This  would  put  the  elevator  out  of  operation  because 
the  friction  between  the  nut  and  screw  would  be  greater  than  the 
friction  of  the  traveling  crosshead,  and  it  would  act  simply  as  a 
collar  on  the  screw. 

The  nut  system  has  in  addition  another  function.  Since  the 
hoisting  nut  is  only  held  from  revolving  by  its  friction  against  the 
crosshead,  when  the  nut  gets  to  the  upper  limit  of  its  travel  the 
safety  nut  meets  a  solid  collar  on  the  screw  which  stops  its  travel, 
causing  it  and  the  ball-bearing  nut  to  revolve  with  the  screw, 
without,  however,  necessarily  stoppins;  the  motor,  and  leaving 
the  traveling  sheaves  to  be  stopped  simply  by  the  weight  of  the 
car. 

There  is  still  another  function  performed  by  the  nut  system, 
that  of  a  slack  cable  device.  If  for  any  reason  the  car  in  descend- 
ing, when  of  course  the  nut  is  driven  along  by  the  screw,  meets 
an  obstruction,  the  pressure  on  the  nut  being  instantly  reduced, 
it  recedes  slightly,  allowing  the  springs  between  it  and  the  safety 
nut  to  expand,  throwing  the  latter  into  back  contact  with  the 
screw  threads.  The  nut  system  then  instantly  grips  the  screw, 
revolves  as  a  collar,  and  consequently  acts  as  a  check  against  any 
marked  movement  of  the  crosshead  corresponding  to  a  free  fall 
of  the  car  on  the  ropes. 

Assuming,  however,  the  condition  of  a  perfectly  free  release 
from  all  operative  safeties,  there  is  a  limit  to  the  rate  of  revolu- 
tion of  the  screw,  and  in  any  event  there  is  a  rubber  buffer  at  its 
lower  end  which  would  cushion  its  stop  so  as  to  prevent  any   in- 

j^ry. 

Besides  the  lower  limit  switch,  which  has  alreadv  been  men- 
tioned.  which  puts  an  increasing  retarding  force  on  the  motor, 
there  is  an  upper  limit  switch  for  cutting  off  the  current ;  this  is 
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a  self-cleaning  lock  switch,  operating  in  both  directions,  and 
moved  by  a  roll  on  the  crosshead.  It  cuts  off  the  current  in 
hoisting  in  the  upper  limit,  and  allows  the  brake  to  come  on.  On 
the  reverse  movement  it  is  automatically  closed. 

I  have  already  mentioned  the  governor  on  the  machine,  which 
is  called  a  "  monitor  centrifugal."  This  is  for  operating  the  brake 
when  running  too  fast.  In  hydraulic  elevators  there  is  no  speed- 
operated  device  in  case  of  fast  running  except  the  centrifugal  on 
the  car,  and  this  is  frequently  set  so  much  above  the  normal 
speed  on  account  of  the  annoyance  of  having  it  operated  by  a 
temporary  excess,  as  oftentimes  to  be  useless  when  actually  re- 
quired. The  monitor  centrifugal  does  not  throw  the  machine 
out  of  operation,  but  simply  slows  it  up  to  any  desired  speed,  and 
then  allows  the  operator  to  resume  control. 

The  dynamic  action  of  the  machine  is  made  use  of  in  still  an- 
other way  by  the  introduction  of  an  "  automatic  choking  circuit " 
and  switch  operated  by  the  same  circuits  governing  the  main 
brake.  It  is  in  coiL^itant  play  and  closes  the  circuit  around  the 
armature  and  its  series  coils  through  a  rheostat  under  any  of  the 
following  circumstances :  At  each  stop  from  up  or  down  ;  when 
running  down  fast  enough  to  work  centrifugal  on  the  machine  ; 
on  failure  of  the  hoisting  current,  or  on  failure  of  the  line  cur- 
rent. 

So  positive  is  the  control  over  the  motor,  no  matter  whether  it 
be  operating  to  hoist  the  car  or  retard  it  in  going  down,  that  the 
brake  band  can  actually  be  removed  and  the  car  still  controlled, 
and  even  with  the  brake  in  normal  position  the  change  from  one 
position  to  another  can  be  made  so  promptly  that  it  will  remain 
inactive. 

Such  is  the  machine  which  has  been  developed  during  the  past 
three  years,  and  whose  first  application  in  a  large  battery  in  the 
Postal  Telegraph  Building  seems  destined  to  have  the  same  effect 
on  the  elevator  industry  that  the  plant  at  Kichmond  has  had  on 
the  railway  industry.  It  is  only  permitted  to  me,  of  course,  to 
make  the  briefest  allusion  to  this,  but  as  illustrating  in  some  de- 
gree the  extent  of  this  industry,  buildings  of  from  five  to  twenty- 
one  stories  in  height  are  being  equipped  with  batteries  of  from 
one  to  twenty-six  machines  of  various  types,  and  the  business  of 
a  single  company  employing  some  two  or  three  years  ago  a  hand- 
ful of  men,  now  demands  a  constantly  increasing  force  already 
numbering  nearly  five  hundred. 
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Discussion. 

The  Chairman  : — Tliere  is  no  question  whatever  that  the 
subject  which  has  been  before  us  to-night  is  one  of  the  most 
intense  interest.  Mr.  Sprague  has  shown  us  wliat  energy  can 
accomplish  in  a  few  years,  in  an  entirely  new  departure  in  the 
applications  of  electricity,  and  I  think  many  gentlemen  present 
will  be  glad  to  learn  mucii  n)ore  than  Mr.  Spragne  has  been  able 
to  show  us  of  the  subject  in  the  time  at  his  disposal  this  evening. 
Are  there  any  questions  that  gentlemen  would  like  to  ask,  or  is 
there  any  discussion  ? 

Mr.  Charles  P.  Steinmktz  : — I  think  you  will  agree  with  me, 
that  we  have  listened  to  a  very  interesting  paper,  and  especially 
have  seen  some  very  pretty  pictures.  There  is,  however,  still 
another  side  of  the  question  of  electric  elevators,  that  of  the 
central  station  supplying  the  power.  You  all  know  that  no  satis- 
factory lighting  service  can  be  derived  from  a  railway  circuit. 
Now  elevator  work  is  very  similar  to  railway  work.  It  is 
greatly  fluctuating,  the  elevator  taking  at  irregular  intervals  very 
large  power  and  no  power,  and  therefore  it  is  of  very  great  im- 
portance to  know  how  much  current  the  elevator  motor  takes  in 
running,  and  how  much  in  starting.  If  the  elevator  is  run  from 
an  isolated  plant,  it  will  probably  be  operated  from  a  special 
genera*^or ;  but  if  an  attempt  is  made  to  operate  it  from  the  same 
generator  as  the  lighting,  and  the  lights  flicker  every  time  the 
elevator  starts,  in  consequence  of  excessive  current  taken  by  the 
motor,  it  concerns  only  the  user  of  the  isolated  plant. 

When  operated  from  a  central  station,  however,  the  regulation 
of  the  system  as  a  whole  is  of  the  utmost  importance,  and,  there- 
fore, the  first  consideration  must  be,  how  much  power  the  ele- 
vator motor  takes  in  starting  and  in  running. 

I  am  sorry  to  see  that  in  this  otherwise  very  extensive  paper, 
no  data  whatever  are  given  of  the  amount  of  current  consumed 
by  the  motor  in  running  or  starting  with  a  given  load,  although 
these  data  would  obviously  be  the  most  interesting  part  of  the 
paper  for  an  electrical  society.  In  general,  I  should  expect  that 
the  gravity  .elevator  would  be  inferior,  in  this  regard,  to  an  ele- 
vator with  overbalanced  car,  since  in  a  gravity  elevator  the 
descent  is  made  without  power,  and  consequently  during  the 
ascent  the  motor  has  to  do  twice  as  much  work,  and  thus  prob- 
ably takes  twice  as  much  power  as  an  over-balanced  car,  in 
which  latter  case  the  motor  does  equal  work  during  ascent  and 
descent.  Furthermore,  it  would  be  interesting  to  know  whether 
any  attempt  has  been  made  to  keep  the  current  in  starting  within 
reasonable  bounds.  Obviously  the  torque  required  in  starting  is 
greater  than  in  running,  and  an  ordinary  shunt  motor  will  there- 
fore take  a  larger  current  in  starting  than  during  operation  at 
speed  ;  which  current,  if  sufficiently  large,  exerts  a  vicious  influ- 
ence on  the  regulation  of  the  voltage  in  feeders  and  mains.     For 
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this  purpose  attempts  should  be  made  to  design  the  motor  in 
such  a  way  that  in  starting  it  will  consume  less  current  than  when 
running  at  full  speed,  and  still  give  more  than  running  torque. 
It  would  be  interesting  to  know  how  the  elevator  motor  de- 
scribed in  to-night's  paper  behaves  in  this  regard,  and  also  how 
elevator  motors  manufactured  bv  other  concerns  act  therein. 

Dr.  Gary  T.  Hutchinson  : — Might  I  suggest  that  the  remarks 
of  everybody  be  limited  to  about  tnree  minutes?     It  is  very  late. 

The  Chairman: — The  Chair  is  of  opinion  that  the  discussion 
should  be  limited  to  the  subject  presented  by  the  lecturer  of  this 
evening. 

Mr.  George  Hill: — I  had  taken  very  much  the  views  ex- 
pressed by  Mr.  Steinmetz.  To  a  consulting  engineer,  employed 
to  pass  on  the  question  by  an  architect  or  an  owner  as  to  the  rela- 
tive economy  of  an  electric  or  a  hydraulic  machine,  this  paper,  in 
its  title,  appeared  to  be  of  very  great  interest.  It  seems  to  me, 
in  view  of  the  fact  that  the  electric  elevator  industry  is  more 
than  seven  years  old ;  that  in  this  town  alone  there  are  nearly  a 
thousand  electric  elevators  in  operation,  the  onlv  excuse  for  de- 
scribing a  special  device,  which  from  my  point  of  view  is  still  of 
questionable  utilitv,  would  be  that  it  was  so  economical  as  to 
warrant  a  description  of  the  machine  to  show  why  it  is  econom- 
ical. Now  we  have  in  the  paper  that  has  been  read  before  us 
this  evening,  not  one  word  as  to  the  facts  of  the  economical  opera- 
tion of  the  machine. 

I  have  taken  observations,  a  great  many  of  them  ;  I  have 
installed  a  great  many  electric  elevators  and  have  watched 
their  operation  very  carefully.  I  have  ridden  on  the  Postal 
Telegraph  machines  a  great  many  times.  I  have  observed  the 
generating  plant  in  the  basement  of  the  Postal  Telegraph  Build- 
ing. I  have  ridden  on  a  great  many  high-speed  hydraulic  pas- 
senger elevators,  and,  although  I  am  a  very  strong  advocate  of 
electric  elevators  in  their  place,  I  affirm  that  so  far  as  my  experi- 
ence goes,  there  is  absolutely  no  machine  to-dav  which  can  com- 
pare with  the  hydraulic  high-speed  passenger  elevator. 

Mr.  Spraoue:- — The  gentleman  has  just  said,  and  here  he 
rather  contradicts  an  assertion  made  by  another  before  him,  that 
the  electric  elevator  is  not,  and  perhaps  cannot  be  made,  the 
equivalent  of  the  hydraulic  elevator,  either  in  the  matter  of 
service  or  economy.  It  was  naturally  impossible  in  the  limits  of 
this  paper  to  go  into  all  the  details  o\  the  operation  of  a  plant, 
and  1  much  prefer  that  they  should  be  brought  out  in  discussion. 
Elevator  service  is  of  a  distinct  character.  It  deals  with  large 
powers;  the  requirements  are  the  severest.  Human  life  is  the 
stake,  and  no  manufacturer  has  the  right,  whether  on  the  score 
of  economy  or  otherwise,  to  ignore  that  vital  fact. 

The  drum  machine,  which  is  the  only  one  which  can  be  over- 
counterbalanced,  and  which  I  briefly  described  to-night,  is  one 
which  I  very  cordially  and  fully  recommend  for  slow  speeds  and 
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limited  rises ;  that  is,  for  a  service  which  can  be  subordinated  to 
the  requirements  of  the  machine  and  a  central  station.  Its 
manufacture  is  not  exchisive;  it  is  made  by  my  own  company 
and  a  dozen  or  more  others.  AVhen,  however,  we  come  to  deal 
with  the  elevator  question  as  it  has  been  developed  by  modern 
practice,  and  wish  to  supplant  the  hydraulic  with  an  electric  ele- 
vator, then  we  must  surround  that  machine  with  at  least  all  the 
safeties  which  exist  to-day  on  the  hydraulic  plant.  It  must  liave 
absolute  limits  of  travel ;  it  cannot  be  a  drum  inachine  with  no 
iixed  limits.  It  must  not  be  subordinated  to  conditions  which 
may  send  it  into  the  overhead  sheaves  or  into  the  basement.  The 
automatics  of  drum  machines  can  be  so  disarranged,  and  certain 
electrical  conditions  may  arise  which  will  make  that  machine  on 
fast  service  absolutely  dangerous.  It  is  true,  as  Mr.  Steinmetz 
has  said,  that  under  certain  conditions  of  over  counter-weighting 
a  drum  machine  can  be  run  with  less  maximum  current  demands 
than  a  gravity  machine.  That  goes  without  saying  ;  but,  taking 
my  own  experience,  it  is  fair  to  assume  that  there  must  be  a  rea- 
son for  the  existence  of  the  nmltiple  screw  machine,  since  I  am 
building  it  at  the  same  time  that  I  am  building  machines  of 
other  types. 

He  says  the  electric  elevator  of  this  type  cannot  do  the  duty 
of  the  iiydraulic  elevator.  Whyi!  Can  it  not  be  run  as  fast? 
Will  it  not  lift  as  large  a  load  i  Has  it  not  all  the  safeties 
which  characterize  a  hydraulic  elevator?  It  has  every  required 
attribute  of  speed,  lifting  capacity  and  safety.  In  fact,  it  has 
more  safeties  than  a  hydraulic  elevator.  As  an  instance,  there 
is  not  a  hydraulic  machine  in  the  world  which  will  permit  an 
operator  to  leave  his  regulator  with  the  certainty  that  that  car 
will  be  brought  to  an  immediate  stop.  This  single  characteristic 
of  this  tvpe  of  electric  elevator  control  would,  if  capable  of  be- 
ing applied  to  the  hydraulic  machine,  have  saved  the  lives  of  a 
great  many  people  in  the  state  of  New  York  in  the  last  year. 

He  raises  the  question  of  economy.  I  am  entirely  ready  to 
accept  any  challenge  on  that  score.  It  comes  down  to  the  num- 
ber of  pounds  of  coal  per  car  mile  of  travel,  the  care  and  attention 
of  machines,  and  the  depreciation  of  working  parts. 

There  is  not  an  elevator  of  any  kind  in  the  city  of  New  York 
that  averages  over  one-third  of  the  maximum  load  on  its  ropes, 
because  the  public  rides  to  suit  itself,  and  not  the  economic  re- 
quirements of  a  plant.  A  car  weighs  from  2,500  to  3,500 
pounds,  and  is  under  counter-weighted  so  that  the  net  dead 
weight,  or  excess  of  car  over  counter- weighted,  varies  from  800 
to  1,500  pounds.  The  car  should  be  able  to  carry  from  2,500  to 
3,000  pounds  without  being  stalled ;  yet  there  are  very  few  hy- 
draulic elevators,  unless  over-pressured,  which  cannot  be  stalled 
by  loads  which  it  is  possible  to  put  in  them.  We  have  never 
yet  stalled  a  screw  electric  elevator  by  any  load  which  it  has 
l)een  required  to  carry. 
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The  average  live  load  on  an  elevator  is  not  over  500  or  f>00 
pounds,  so  that,  including  the  excess  of  car  over  counter-weight, 
the  net  average  load  on  the  ropes  is  not  over  one-third  of  the 
maximum.  Whence  goes  the  energy  representing  this  differ- 
ence ?  Heating  water  in  the  cylinders.  Can  it  be  overcome  i 
The  attempt  has  been  made  to  use  a  differential  piston  on  one  of 
the  largest  plants  in  this  city.  From  an  economic  standpoint  it 
is  an  absolute  failure,  for  on  the  particular  plant  I  have  what  I 
believe  to  be  reliable  information  to  the  effect  that  they  are 
using  at  least  four  times  the  coal  originally  guaranteed. 

On  another  modern  plant  on  which  the  differential  piston  is 
not  used,  the  equivalent  work  is  the  pumping  of  nearly  two  and 
a  half  tons  of  water  a  distance  about  40  feet  greater  than  the 
run  of  the  car  for  every  trip,  full  or  empty.  Does  that  repre- 
sent economy? 

On  another  building  in  this  city,  the  conditions  originally  set 
forth,  if  followed  out  by  the  particular  hydraulic  system,  would 
require  the  lifting  of  a  piston  and  sheaves  weighing  over  20,0o() 
pounds  a  distance  half  the  height  of  the  building  for  qy^tj  trip 
of  the  car,  full  or  empty. 

And  now  about  the  expenditure  of  power  on  electric  eleva- 
tors. On  cars  of  the  standard  size  there  will  not  be  used  over 
3^  kilowatts  of  electric  energy  for  each  car  mile  in  actual  aver- 
age service.  The  electrical  engineers  in  this  room  can  make 
their  own  calculations  as  to  what  they  can  develop  that  amount 
of  energy  for. 

The  coal  burned  in  the  hydraulic  systems  of  this  city  varies 
from  48  to  1 10  pounds  per  car  mile  of  travel. 

The  coal  burned  on  the  electric  system,  will  vary  from  30  to  35 
pounds  per  car  mile  of  travel.  Are  these  statements  specific 
enough  ? 

On  a  recent  test  in  the  Postal  Telegraph  Building,  in  which 
six  machines  were  run  absolutely  without  special  boiler  prepara- 
tion, but  with  all  the  service  of  the  building  excepting  the  ele- 
vator, the  house  pumping  and  the  pneumatic  services  eliminated 
by  being  operated  from  the  street,  1,163  pounds  of  coal  were 
burned  on  46.3  miles'  run,  including  all  three  services.  With 
10  per  cent,  off  for  pumping,  this  was  the  equivalent  of  22^ 
pounds  of  coal  per  car  mile  of  travel.  There  is  not  a  hydraulic 
plant  of  equal  capacity  in  this  city  which  can  show  such  a 
record. 

The  amount  of  coal  burned  is  not  the  only  feature  to  be  con- 
sidered in  a  hydraulic  plant.  It  costs  money  to  pack  the  cylinders 
of  a  hydraulic  elevator,  and  on  fast  speeds,  high  lifts  and  high 
pressures  this  is  a  serious  item,  the  cost  being  all  the  way  from 
$15  to  $50  each  packing.  The  good  service  which  the  hydraulic 
elevator  has  performed  during  the  past  years  is  not  a  criterion 
for  judging  modern  high  building  service,  for  on  such  duty 
cylinders   have  sometimes  been   packed  as  often  as  every  three 
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weeks  for  a  long  period  of  time,  and  this  can  be  easily  verified 
by  taking  the  early  records  in  any  of  the  high  buildings. 

Again,  cylinders  may  pit  badly  when  the  water  is  poor.  In 
the  Hotel  Netherland,  the  two  main  hydraulic  cylinders  were 
taken  out  after  a  service  of  practically  only  eleven  months,  also 
an  electric  drum  machine,  and  the  cost  of  the  changes  could  not 
have  been  less  than  $10,000.  It  is  an  exceptional  case,  and  an 
unfortunate  one,  but  all  the  same  it  existed. 

The  wear  on  the  electric  elevator,  corresponding  to  the  packing 
of  the  cylinder  on  the  hydraulic  elevator  is  on  the  nut,  screw  and 
thrust  l>earing.  Now  these  screws  are  not  things  of  very  grave 
cost,  but  if  they  wear  five  or  six  years,  as  they  will,  the  annual 
depreciation,  measured  in  dollars  and  cents,  is  not  more  than  the 
average  cost  of  a  single  packing  of  the  hydraulic  elevator  The 
operative  nuts  will  wear  equally  long,  perhaps  longer.  We  have 
not  yet  worn  out  one  of  our  standard  nuts. 

An  external  central  station  is  not  the  only  source  of  electricity. 
Such  a  system  labors  under  some  disadvantages  There  may  be 
aldermen  to  look  after,  street  rights  to  obtain  ;  there  is  the  cost 
of  distribution,  meterage  and  repairs.  Every  man  knows  that  a 
central  station,  so  far  as  the  generation  of  electricity  is  con- 
cerned, is  the  more  economical,  much  more  so  than  a  local  or 
isolated  plant  can  normally  be.  There  happens  to  be,  however, 
in  all  large  buildings,  a  number  of  problems  which  have  to  be 
considered. 

Take,  for  example,  a  building  like  the  Manhattan  Hotel,  which 
I  am  equipping.  They  have  their  lighting  and  a  distributed 
elevator  service  with  special  problems.  Sometimes  the  guests 
get  cold,  and  the  building  ha«  to  be  heated  ;  sometimes  hungry, 
and  their  food  must  be  cooked ;  perchance  thirsty,  and  cooling 
drinks  must  be  supplied,  this  last  is  not  the  only  service  for  the 
refrigerating  maclnnes.  A  laundry  may  find  a  place  in  a  hotel, 
and  bathing  is  occasionally  indulged  in.  For  all  these  purposes 
steam  must  be  supplied  Of  course,  a  man  can  put  in  bis  steam 
ice  machines,  and  ne  can  put  in  hydraulic  elevators  with  a  pair 
of  duplex  pumps,  and  a  roof  tank  or  a  pair  of  compression  tanks ; 
he  can  put  in  his  boilers  for  doing  that  work,  and  for  supplying 
the  steam  otherwise  required,  and  the  lighting  problem  remains. 
Then  he  can  go  to  the  street  for  that  lighting,  but  I  should  be 
surprised  if  a  competent  electrical  engineer  would  hold  that  this 
method  of  dividing  supply  is  as  economical  as  a  system  of  electric 
generation  with  interchangeable  units,  either  three  of  one  size,  or 
two  of  one  size  and  two  of  a  half  size. 

Suppose  one  is  operating  an  office  building.  What  do  the 
tenants  get?  Their  light  and  the  elevator  service,  heat  and  ven- 
tilation. How  much  fight?  All  they  want.  That  is  the  great 
commercial  problem  here  in  New  York,  when  dealing  with  ex- 
isting conditions, — the  difficulty  of  using  a  meter  in  a  building 
where  a  man  expects  his  light  with  his  rent,  and  where  he  goes 
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out  and  leaves  all  of  the  lights  burning,  subject  to  the  will  of  the 
cleaners. 

Hence  a  man  should  generate  power  in  his  building  for  all  of 
the  service  of  the  building,  or  take  it  from  the  outside  for  all 
the  service  possible.  There  is  a  line  of  demarcation  determined 
by  the  size  of  building  and  the  extent  of  its  service.  1  fail  to  see 
how  it  can  help  him  to  get  his  lights  and  steam  from  outside,  and 
pump  his  water  inside.  If  he  stays  inside  at  all,  he  would  better 
stay  inside  entirely. 

The  practical  result  is,  that  in  the  Postal  Telegraph  Building 
the  numl)er  of  lights,  the  car  miles  of  elevator  service,  the  air 
pumped,  the  motor  converters  operated,  and  the  number  of  hours 
of  service  aggregate  more  for  a  given  amount  of  coal  than  like 
services  anywhere  in  the  city  of  New  York. 

It  is  pertinent  to  ask  :  W  here  is  this  coal  saved  i  In  the  lights, 
which  are  run  according  to  standard  practice,  in  the  telegraph 
service,  which  is  special,  or  in  the  elevat  t  service  ?  Ordinarily, 
the  amount  of  coal  used  in  a  building  of  this  kind  for  elevator 
service  alone  is  from  2J  to  3^  tons  of  coal  per  day  of  12  hours. 
We  can  shut  off  the  entire  elevator  service  of  the  Postal  Tele- 
graph Building,  and  run  from  the  street,  and  save  only  an  average 
of  a  ton  of  coal  in  24  houre,  and  if  a  man  has  to  pay  a  difference 
of  from  $6  to  $10  a  day  more  for  coal  for  using  hyaraulic  elevators 
instead  of  electric,  he  will  find  it  a  continuous  interest  charge  on 
a  rather  large  investment. 

I  trust  I  nave  answered  explicitly  some  of  the  questions  as  to 
the  matter  of  economv,  but  if  those  answers  are  not  definite,  I 
will  make  them  more  so. 

Mr.  Hill  : — Now  let  us  have  the  facts.  Mr.  Sprague  says  he 
has  lots  of  them.  Let  us  have  those  facts  added  to  his  paper,  and 
then  we  will  see  how  they  compare  with  other  facts  obtained 
absolutely  impartially,  and  then,  if  he  is  right,  I  will  admit  it  as 
quickly  as  anybody. 

Dr.  Charles  E.  Emery: — Independent  entirely  of  commercial 
considerations,  or  the  merits  and  demerits  of  hydraulic  and  elec- 
tric elevators,  I  will  say  that  personally  I  am  very  much  obliged 
to  Mr.  Sprague  for  his  lecture  to-night  and  for  an  opportunity 
to  see  in  detail  his  admirable  apparatus — admirable  m  design, 
wonderful  in  execution.  I  think  that  there  are  many  here  much 
of  the  same  mind,  and  therefore  move  that  a  vote  of  thanks  be 
tendered  the  lecturer  of  the  evening. 

Mr.  Hill  : — I  second  the  motion,  Mr.  Chairman. 

The  motion  was  carried. 

Mr.  H.Ward  Leonard: — As  regards  the  question  of  power  re- 
qui  red  for  starting,  and  as  regards  the  question  of  economy  in  opera- 
tion,t  hose  are  the  two  principal  points  which  I  personally  nave 
been  giving  attention  to,  in  connection  with  methods  for  operating 
electnc  elevators.  I  have  not  had  anything  particularly  to  do 
with   the  practical  development   of  ideas   oi  my  own    which  I 
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have  Bpoken  of  before  on  this  floor.  But  they  have  been  need 
by  the  Otis  compauiee,  and  plants  have  l)een  installed  which  are 
exactly  on  the  lines  of  the  method  of  control  which  I  have  de- 
8cril)ed  to  you.  This  method  of  control,  as  you  may  remember, 
is  one  in  which^— in  the  case  of  an  isolated  plant  such  as  an  office 
building — a  generator  is  in  operation  for  each  elevator  that  is  to 
be  run,  and  the  fields  of  the  generator  and  the  fields  of  the  mo- 
tors are  excited  from  ihe  lighting  circuit.  I  agree  with  Mr. 
Sprague  in  his  statement  that  the  power  for  these  electric  ele- 
vators in  large  buildings  will  be  obtained  from  isolated  plants, 
and  that  there  will  always  be  a  lighting  plant  in  a  building  of 
that  nature  from  which  the  current  can  be  taken  for  the  excita- 
tion of  the  fields  of  the  motor  on  my  system  of  control.  A 
plant  having  three  elevators  of  this  nature  has  been  installed  in 
this  city  which  has  been  recently  tested.  They  are  drum  ma- 
chines, and  were  tested  at  an  operating  speed  of  450  feet  a  min- 
ute. In  starting,  the  power  required  is  something  less  than  15 
horse- power.  As  to  the  water  consumption,  the  Otis  company 
is  prepared  to  guarantee  15U  pounds  of  water  per  car  mile  run. 
The  elevator  stops  by  the  production  of  electric  energy  by  the 
elevator  motor  acting  as  a  generator,  and  furnishing  its  current 
back  to  what  was  formerly  the  generator,  working  it  as  a  motor, 
tending  to  accelerate  the  engine.  This  amount  of  energy  is 
really  quite  a  large  factor,  it  is  no  theory.  It  is  an  apparent 
and  important  factor  in  the  economy  of  operation.  The  plant  is 
simplicity  iti^elf,  as  compared  with  the  very  ingenious  methods 
and  devices  which  have  been  shown  us  to-night,  as  it  has  merely 
a  standard  shunt-wound  generator  and  a  standard  shunt-wound 
motor,  and  a  drum  and  worm,  with  an  attachment  on  the  ele- 
vator drum  by  which  a  travelling  nut  inserts  a  resistance  auto- 
matically at  the  top  and  bottom  of  the  elevator  excursion,  to  au- 
tomatically stop  the  car  in  its  motion.  The  stop  is  {)eculiarly 
smooth  because  of  the  fact  that  no  mechanical  brake  is  used,  and 
the  energy,  which  in  the  case  of  the  elevator  described  by  Mr. 
Sprague  is  used  somewhat  for  braking  by  using  the  energy  pro- 
duced by  the  elevator  in  its  stopping,  is  in  this  instance  not 
merely  electrical  energy  produced  and  then  wasted  in  a  rheostat, 
but  a  large  portion  of  it  is  saved  as  it  becomes  usefully  stored  in 
the  energy  of  the  fly-wheel  of  the  engine  and  becomes  available 
later  for  operating  the  elevators.  In  the  case  of  elevators  work- 
ing on  this  plan,  when  operating  from  a  central  station,  there  is 
between  the  elevator  itself  ana  the  source  of  supply  a  rotary 
transformer  of  energy,  which  means  a  mechanism  which  com- 
bines a  motor  armature  and  a  generator  armature.  An  elevator 
operating  on  that  plan  will  entirely  eliminate  the  difiiculties 
mentioned  by  a  former  speaker,  due  to  starting  elevators  upon 
the  Edison  three-wire  system,  which  does  require  a  close  regula- 
tion of  pressure  on  the  lamps.  There  are  plants  of  that  nature 
which  have  been  running  two  or  three  years,  and  there  is  this  to 
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be  said  about  some  ten  plants  that  have  been  installed  on 
this  method  of  mine,  and  tnat  is  that,  so  far  as  I  am  aware,  and 
so  far  as  I  can  learn,  not  one  has  ever  had  any  portion  of  its 
plant  replaced  on  account  of  breaking,  or  accident,  or  wearing 
out,  or  from  any  other  cause. 

The  Chairman  : — The  Chair  will  announce  the  discussion 
closed. 

Mr.  C.  O.  Mailloux  : — I  would  like  to  hear  this  discussion  pro- 
longed, though  not  this  evening,  perhaps.  I  myself  came  a  long 
way  to  hear  tne  discussion,  and  it  is  a  subject  oi  too  much  inter- 
est to  be  closed  immediately.  There  may  be  other  statements 
that  other  people  might  want  to  advance  and  discuss,  and  there 
is  a  great  deal  to  be  said  in  relation  to  electric  elevators.  I 
might  wish  to  say  something  myself. 

The  Chairman: — What  is  the  sense  of  the  meeting? 

Mr.  Holmes  : — I  move  that  the  discussion  be  extended  half 
an  hour. 

Mr.  Hill: — Before  you  put  that  motion,  Mr.  Chairman,  I 
like  to  move  an  amendment  to  it—  that  the  discussion  be  defer- 
red to  the  next  meeting. 

[The  motion  as  amended  was  carried.] 

The  Chairman: — Before  we  adjourn,  I  have  a  request  from 
Mr.  Steinmetz  to  read  a  short  communication.  I  presume  he 
will  be  very  short. 

[Mr.  Steinmetz  read  a  communication.] 

The  Chairman  : — What  action  will  the  Institute  take  on  the 
communication  of  Mr  Steinmetz? 

Mr.  Townseni)  Wolcott: — Is  that  in  the  definite  form  of  a 
motion  ? 

The  Chairman  : — It  is  a  communication  to  the  Institute.  It 
is  open  for  action.  A  motion  is  in  order  in  regard  to  the  com- 
munication. 

Dr.  F.  B.  Crocker  : — I  move  that  it  be  referred  to  the 
Council,  where  it  should  have  been  sent  in  the  first  place. 

[The  motion  was  carried.] 

Adjourned. 

Dl8CUS8K»N    AT    ChICAGO. 

The  Chairman  [Mr.  R.  H.  Pierce]  : — We  are  all  very  much 
interested  in  this  paper,  and  we  consider  ourselves  fortunate  in 
having  Mr.  Arnold,  who  has  considerable  knowledge  of  the  sub- 
ject, to  explain  it  to  us.  I  think  that  all  of  us  have  a  great  deal 
of  admiration  for  Mr.  Sprague,  for  we  all  know  the  energy,  and 
courage  and  ability  which  lie  has  manifested  in  electric  street 
railway  work,  and  I  have  no  doubt  that  he  is  equally  efticient  in 
electric  elevator  work.  He  was  a  pioneer  in  making  the  electric 
street  railway  a  success,  and  he  has  in  the  paper  brought  out  a 
number  of  good  arguments  in  favor  of  electric  elevators  for  high 


1896.]  JJJSCUSSIOy  IN  CHICAGO.  31 

class  work  to  replace  hydraulic  elevators.  Whether  or  not  we 
aCTce  with  Mr.  Sprague  in  all  his  conclusions,  we  certainly  owe 
hiin  considerable  deference,  and  ought  to  respect  his  judgment, 
as  he  has  shown  himself  in  tlie  past  to  be  a  pretty  good  authority 
on  similar  lines  of  work.  We  probably  will  not  agree  to  many 
things  in  this  paper.  Many  statements  are  made  in  regard  to  the 
inferiority  of  hydraulic  and  steam  elevators,  and  some  of  these 
we  will  not  assent  to.  The  only  thing  we  have  to  regret  is,  that 
the  paper  covers  so  much  ground  that  we  are  unable  to  let  Mr. 
Arnold  explain  it  as  full}'  as  we  would  like  to  have  him  do,  or  to 
go  into  a  discussion  such  as  the  paper  is  worthy  of.  However, 
let  as  many  as  possible  give  us  their  views  of  this  paper  to-night, 
and  make  what  criticism,  or  ask  what  questions  tliey  can  in  our 
limited  time. 

Mr.  Frank  B.  Kak  : — I  am  not  prepared  to  discuss  to  any  large 
extent,  the  paper  which  has  just  been  presented  to  us.  1  think, 
as  our  Chairman  says,  that  Mr.  Sprague  is  entitled  to  a  good 
deal  of  the  credit  for  the  development  of  the  electric  ele- 
vator. There  are  a  number  of  things  about  the  Sprague  machine 
which  I  would  like  to  know  more  about,  before  expressing  any 
very  decided  opinion.  There  are  a  number  of  things  connected 
with  this  machine,  which  I  am  at  present  inclined  to  question. 
The  controlling  device  is  one  thing  which  1  would  lilce  to  be 
more  familiar  with,  and  somehow,  I  cannot  reconcile  myself  to 
Mr.  Spragne's  methods  in  this  machine  by  which  he  attempts  to 
reach  hydraulic  practice.  I  agree  with  him  that  it  is  a  good 
thing  to  have  a  mechanical  limit  to  the  travel  of  any  machine. 
It  is  perhaps  necessary  to  go  to  to  this  kind  of  a  machine  in  order 
to  obtain  that  limit  of  mechanical  travel. 

I  would  like  to  have  Mr.  Arnold  tell  me  the  necessity  for  the 
large  starting  currents.  Is  it  altogether  necessary  that  these 
should  be  used  in  the  time  that  acceleration  is  required  to  get 
this  machine  to  speed  ?  There  is  a  reference  in  Mr.  Sprague's 
paper  to  kilowatt-hours  per  car  mile  of  travel  of  the  car.  He 
tries  to  reduce  it  to  something  like  the  car  mile  of  the  street  car. 
I  do  not  see  how  he  arrives  at  the  cost  of  operation  in  that  way. 
As  I  understand  it,  he  makes  so  many  feet,  or  so  many  miles  of 
car  travel  for  so  much  cost  of  power,  without  any  reference 
whatever  to  the  load  that  he  carries,  or  the  number  of  stops  that 
he  makes.  It  seems  to  me,  that  the  number  of  stops  and  starts 
that  are  made  in  the  elevator  car  travel  would  have  a  great  bear- 
ing upon  the  cost  ])er  car  mile.  It  certainly  is  a  fact  that  you 
can  lift  a  given  load  at  a  given  speed  with  a  given  expenditure 
of  energy ;  with  a  hydraulic  macnine,  or  any  other,  it  takes  so 
much  energy  to  lift  so  much  weight.  The  only  thing  would  be 
that  the  less  load,  the  less  friction  there  woul(i  be  in  the  lifting 
device.  Every  time  he  starts  that  car  and  puts  it  to  speed,  he 
must  expend  more  energy  than  would  be  required  to  run  it  a 
very  considerable  number  of  feet  at  full  speed.     I  would  like  to 
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understand  how  he  arrives  at  that  particular   point  of  actual 
expense. 

Mr.  B.  J.  Arnold: — In  referring  to  the  starting  current,  there 
is  no  doubt  that  these  machines  take  a  high  starting  current  on 
account  of  the  car  not  being  entirely  counterbalanced.  We 
therefore  have  a  very  heavy  mass  which  we  must  accelerate  very 
rapidly.  If  time  was  given  to  accelerate  this  heavy  weight,  it 
cx)uld  be  done  gradually  with  a  moderate,  current  getting  it  up 
to  speed  with  a  low  consumption  of  energy.  It  takes  a  large 
current,  however,  to  start  it  quickly,  but  the  objection,  t^uch  as  it 
is.  is  largely  overcome  by  the  non  consumption  of  current  when 
the  car  descends.  Many  elevators  take  smaller  starting  current, 
but  they  must  use  current  to  descend  with,  resulting  in  an  equally 
high,  if  not  higher,  average  consumption  of  current  per  foot-pound 
of  live  load  carried,  than  is  consumed  by  the  machine  under  con- 
sideration. I  have  had  occasion  recently  to  test  three  of  the 
leading  worm-gear  counter-balanced  car  elevators,  and  reduced 
them  all  to  a  kilowatt-hour  car  mile  basis. 

J^ROF.  W.  M.  Stink:— Have  you  investigated  the  numl>erof 
stops  per  mile? 

Mr.  Arnold:— Yes,  I  have  a  record  of  the  stops.  The  ele- 
vator service  in  leading  office  buildings  is  very  similar,  so  that 
in  taking  tests  of  several  plants,  you  get  pretty  accurate  ba^is  of 
comparison  when  reduced  to  a  kilowatt-hour  car  mile  basis. 

Mr.  Rap:  : — What  average  of  stops  would  you  compute  per 
car  mile  ?  Does  not  every  start  of  the  car,  does  not  the  number 
of  times  you  start  the  car,  affect  the  cost  per  ear  mile  'i  What  is 
the  average  number  of  stops  you  are  going  to  allow  to  the  car 
mile  ?  In  considering  this  car  mile  cost,  the  energy  expended  in 
starting  and  accelerating  the  load,  seems  tr)  me  quite  as  much  a 
part  of  the  problem  as  operation  at  full  epeed,  anci  as  tins  energy 
expended  varies  with  the  load,  I  cannot  hee  how  it  can  be  deter- 
mined, except  for  each  individual  machine  by  test,  where  the 
cost  should  be  divided  at  least  into  two  parts,  starting  and  accel- 
erating, and  running  at  full  speed. 

Mr.  Arnold  : — In  ordinary  office  l)uildings,  the  service  is  so 
nearly  similar,  that  the  relative  tests  of  different  machines  give 
fairly  reliable  results,  and  on  that  basis  I  have  made  the  tests  and 
compared  the  different  costs,  taking  into  consideration  the  num- 
ber of  feet  each  car  travels.  From  these  records  the  energy  con- 
sumed varied  from  4  to  7^  kilowatt-hours  per  car  mile. 

l*ROK.  Stine  : — To  get  a  correct  result,  of  course  you  must 
test  at  a  uniform  speed.  In  taking  average  service,  and  that  is 
the  only  thing  you  can  do,  and,  at  best,  your  figures  under  those 
conditions  are  not  absolutely  correct,  you  cannot  get  absolutely 
correct  figures  on  elevator  tests.  You  know  they  are  correct  under 
the  conditions  in  which  you  test  them,  but  you  cannot  make  a 
uniform  load  under  which  you  can  make  all  tests.  You  do  not 
always  get  the  same  basis  for  comparing  the  cost  per  car  mile. 
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Mr,  Neiler: — May  I  ask  Mr.  Arnold  if  he  has  any  data  con- 
cerning the  hydraulic  service  ? 

Mr.  Arnold: — I  do  not  consider  that  the  conditions  under 
which  the  hydrauh'c  elevator  tests  were  made  were  very  favor- 
able, so  it  would  not  be  fair  for  me  to  state  just  what  the  figures 
were. 

Mr.  Stevens  : — As  I  understand  this  paper,  one  of  the  main 
points  is  the  economy  of  the  electric  elevator,  due  to  the  fact 
that  the  motor  will  adjust  itself  automatically  to  the  load  which 
the  car  itself  carries,  while  the  comparison  is  made,  that  in  the 
hydraulic  elevator  it  is  necessarv  to  do  the  full  amount  of  work 
whether  there  be  a  heavy  Or  light  load  in  the  car.  Is  it  not  a 
fact,  that  the  actual  work  for  the  varying  load  of  the  car  is  so 
small  a  feature  in  the  amount  of  power  required  in  each  case, 
that  it  would  be  mther  in  favor  of  the  hydraulic  elevator. 

Mr.  Arnold  : — :No !  1  think  the  variable  load  gives  the  electric 
elevators  a  distinct  advantage.  In  the  average  hydraulic  elevator 
plant,  there  is  required  from  70  to  100  pounds  of  steam  per  horse- 
power hour  of  work,  delivered  to  the  car,  while  in  an  electric  ele- 
vator plant,  the  same  energy  is  given  to  the  car  bv  the  consumption 
of  about  40  to  50  pounds  of  water,  thus  effecting  a  large  saving 
in  the  fuel  required  to  evaporate  the  water  at  first.  Again,  the 
electric  elevator  service  has  all  the  advantages  that  are  claimed  for 
an  electric  street  railroad,  when  being  operated  on  a  variable  load, 
viz.: — The  absorption  of  power  in  direct  proportion  to  the 
live  work  done;  consequently  the  variation  of  the  live  load 
enters  very  largely  into  the  efficiency  of  the  plant. 

The  point  so  well  brought  out  by  the  author  of  the  paper, 
that  as  all  large  buildings  now  have  an  electric  plant,  the  electric 
elevator  becomes  merely  an  adjunct  to  the  main  plant  instead  of 
a  distinct  plant  itself,  as  in  case  of  the  hydraulic,  should  com- 
mend the  electric  elevator  side  of  this  question. 

Mr.  Stevens: — Ihe  hydraulic  elevator  is  usually  able  to 
stand  side  by  side  with  the  electric  elevator,  if  the  correspond- 
ingly advanced  ideas  of  machinery  are  put  in.  Very  little  en- 
gineering ability,  I  think,  has  been  used  in  putting  in  pumps  for 
hydraulic  elevators.  I  think  a  change  in  the  pumps  in  many  of 
the  buildings  would  increase  the  efficiency  of  the  plant  at  least 
40  per  cent. 

Mr.  Arnold  : — 1  think  we  will  find  a  very  marked  economy 
in  favor  of  the  electric  elevator,  even  when  we  get  there. 

Mr.  Albert  Scheible  : — At  the  Auditorium  Annex,  in  this 
city,  there  were  some  tests  made  of  the  hydraulic  elevators, 
count  being  taken  of  the  number  of  persons  in  the  car,  the  num- 
ber of  stops  made,  and  the  number  of  starts,  and  the  steam  and 
water  consumption.  These  tests  were  made  for  comparison 
with  some  of  tne  Sprague  and  other  papers. 

Adjourned. 
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New  York,  February  26,  1896. 

The  103d  meeting  of  the  Institdte  was  held  this  date  at  12 
West  Slst  street,  ana  was  called  to  order  by  President  Duncan, 
at  8  P.M. 

The  President : — The  first  business  before  us  to-night,  after 
Mr.  Pope  has  made  some  announcements,  is  on  the  motion  to  in- 
corporate  the  American  Institute  of  Electrical  Engineers. 

The  Secretary  read  the  followinp^  list  of  associate  members 
elected  and  transferred  at  the  meeting  of  Council  in  the  after- 
noon. 


Adamson,  Daniel, 


Badsau,  Isaac  F. 


COLLETT,  SaMUIL  D. 


Decker,  Edward  P. 


Foster,  Samukl  L. 


Griff^S.  Eugene  R. 


Montague,  Ralph  L. 


Reid,  Kdwin  S. 


Manager,  John  Adamson  &  Co.,        Chas.  F.  Sise. 
Hyde,  Cheshire,  Henry  Jackson. 

England.  C.  A.  Cams- Wilson. 

Ass't  to  the  Engineer,  Met.  Tele-    J.  J.  Carty. 
phone  and  Tel.  Co. ;  residence,     T.  T.  P.  Luquer. 
213  W.  121st  St.,  N.  Y.  City.        H.  Loewenherz. 

Engineer  Construction  Dep't  Met.    John  W.  Howell. 
Telephone    and    Tel.    Co..    18    J.  J.  Carty. 
Cortlandt    St.,    N.    Y.    City  ; 
residence.    Van    Pelt    Manor. 
N.  Y. 

Electrical  Engineer,  Met.  Tele- 
phone and  Tel.  Co.,  18  Cort- 
landt St.,  X.  Y.  City  ;  residence, 
Van  Pelt  Manor,  N.  Y. 

Electrical  Engineer,  Market  St. 
Railway  Co.,  19  Hobart  Bldg  ; 
residence,  889  24th  St.,  San 
Francisco,  Cal. 

Senior    Partner,    finn   of  Griffes    Alfred  E.  Wiener, 
and  Sumner,   307  South  Main    Leo  Daft. 
St..  Los  Angeles,  Cal.  Joseph  P.  Stone. 

Chief  of  Electrical   Department,     R.  W.  Pope. 
The  Gold  Dredging  Co.,   Ban-     W.  D.  Weaver, 
nack,  Mont.  Samuel  Insull. 

Sup*t  of  Constniction,   Standard  S.  D.  Field. 

Underground    Cable    Co.,    18  M.  M.  Davis. 

Times   Building.  N.  Y.   Citv  ;  R.  W.  Pope, 
residence,  116  W.  11th  St. 
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U.  N.  Bethell. 


J.  J.  Carty. 
U.  N.  Bethell. 
Herbert  L.  Webb. 

F.  E.  Smith. 
J.  A.  Lighlhipe. 
Louis   M.  Clement. 
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Shabpe,  E.  C.  Consulting    Electrical    Engineer,    Chas.  T.  Lindner. 

20  Potomac    Block,   Los   An-    T.  A.  W.  Shock, 
geles,  Cal.  W.  C.  Cheney. 

SuLUVAN,  Edward,       United  Electric  Light  and  Power  K.  Tesla. 

Co.,  108  Fulton  St ,  N.  Y.  City;  Win.  Maver,  Jr. 

residence,  887  W.  18th  St.  C.  C.  Haskins. 
ToUl.  10. 
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Shbpabdson,  Geo.  D.        Prof,  of  Electrical  Eneineering,  University  of  Min- 
nesota, Minneapolis,  Minn. 

Sinclair,  Henry  A.  Electrical  Engineer,  The  Tucker  Electric  Company, 

New  York  City. 

NuNN,  Paul  N.  Consulting  Engineer,  San  Miguel  Cons.  Gold  Mining 

Co.,  Tcriuride,  Colo. 

WiNSLow,  Geo.  H  .  Electrical  Engineer,  700  Lewis  Block,  Pittsburg.  Pa. 

Gharky,  Wm.  D.  Sup't  Underground  Cable  Const,  and  Maintenance, 

rhiladelpia  Traction  Co.,  Philadelphia,  Pa. 

Fish,  Walter  C.  Manager  Lynn  Works,  General  Electric  Company, 

Lynn,  Mass. 
Total,  6. 

The  President  : — I  would  now  ask  Mr.  Vansize  to  give  briefly 
the  reasons  why  it  is  desirable  to  incorporate  the  Institute. 

Mr.  William  B.  Vansize  read  the  following  committee  report 
and  explained  the  points  involved. 

This  Committee  was  appointed  by  the  Council  at  its  meeting  on  December 
18th,  to  consider  the  question  of  the  "  Incorporation  of  the  Institute  and  the 
changes  that  may  be  necessary  and  advisable  in  the  Constitution.*' 

The  Committee  met  on  January  8th.  After  some  discussion  it  was  decided 
that  it  would  be  advisable  to  divide  the  work  of  the  Committee  into  two  parts, 
and  to  consider,  first,  the  incorporation  of  the  Institute  ;  second,  the  necessary 
and  advisable  changes  in  the  Constitution.  This  was  deemed  necessary,  since 
the  meeting  that  will  be  called  to  vote  upon  incorporation,  must  vote  unani- 
mously in  its  favor  in  order  that  the  action  may  be  valid. 

Your  Committee  believes  that  it  will  be  greatly  to  the  a<l  vantage  of  the  Insti- 
tute to  be  incorporated,  and  recommends  that  the  necessary  steps  outlined  below 
be  taken  to  make  this  change. 

A  voluntary  association,  such  as  the  Institute  now  is,  has  no  standing  before 
the  law  and  cannot  receive  bequests  or  hold  property.  Every  member  of  such 
association  is  individually  and  jointly  liable  for  all  debts  incurred  by  any  agent 
of  the  association. 

A  corporation,  on  the  other  hand,  has  a  standing  before  law,  it  can  acquire 
property  by  grant,  gift,  purchase  or  bequest  and  hold  and  dispose  of  it  for  the 
purposes  of  the  corporation.  The  ultimate  liability  for  debts,  for  which  a  judg- 
roent  against  the  corporation  has  been  obtained,  and  remaining  unsatisfied,  is 
limited  to  the  Directors,  and  is  not  shared  by  the  members  of  the  corporation 
individually.  This  responsibility  of  the  Directors  is  a  limited  one,  and  extends 
only  to  such  debts  as  are  contracted  by  the  Directors  during  their  term  of  office 
and  which  shall  fall  due  or  judgment  be  had  within  one  year  from  the  time  at 
whii^h  they  are  contracted. 
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It  is  therefore  recommended  that  the  Council  take  the  following  steps  in  order 
to  submit  the  question  of  incorporation  to  the  members  of  the  Institute. 

Ist.  That  the  Council  pass  the  following  resolutions  : 

*'  It  is  voted  that  the  President  be  directed  to  call  a  special  meeting  of  the 
Institute,  to  consider  a  proposition  to  incorporate  the  Institute  under  the 
Membership  Corporation  Law  of  the  State  of  New  York.  (Laws  of  1895,  Chap. 
559,  Section  5.)" 

2nd.  That  the  Council  send  out  the  following  notice  to  all  the  members  of 
the  Institute  : 

**  Notice  is  hereby  given  that  at  a  meeting  to  be  held  on  the  26th  day  of  Feb- 
ruary, 1896,  at  8  o'clock  in  the  evening,  a  proposition  to  incorporate  siich  Insti- 
tute or  Society  in  pursuance  of  Section  5  of  the  Membership  Corporation  Law, 
will  be  acted  upon  by  the  members  thereof." 

Dated  New  York,  this       day  of  January,  1896. 

Majority  of  Council. 

This  notice  must  be  sent  out  at  least  thirty  days  before  the  date  set  for  the 
meeting  to  vote  upon  the  question,  and  must  be  signed  by  a  majority  of  the 
Council.  If  this  notice  is  sent  out  as  soon  as  possible  after  the  meeting  of 
the  Council  on  January  22nd,  the  meeting  to  consider  the  ({uestion  cannot  be 
held  until  the  third  Wednesday  in  March,  if  it  is  to  lie  a  regular  meeting  of  the 
Institute. 

We  recommend,  therefore,  that  the  regular  meeting  of  the  Institute,  sche<l- 
uled  for  Wednesday,  February  19th,  be  postponed  one  week  to  Wednesday, 
February  26th,  and  that  the  question  be  submitted  at  said  meeting. 

The  laws  of  the  State  of  New  York  will  make  certain  changes  necessary  in 
our  Constitution,  should  we  become  an  incorporated  society.  The  consideration 
of  these  matters  can  best  lie  postponed  until  after  the  question  of  incorporation 
is  decided. 

Your  Committee  is  prepared  to  do  all  the  necessary  work  pertaining  to  the 
incorporation  of  the  Society,  including  the  legal  work. 

The  Sections  of  the  Laws  of  New  York  relating  to  the  matter  are  added  as  an 
Appendix. 

An  abstract  of  this  report  has  been  submitted  to  the  non-resident  members 
of  the  Committee,  Messrs.  Carhart,  Hasson  and  Hibbard,  whose  names  are 
signed  to  this  report  with  their  authority,  thus  making  the  report  unanimous. 

Very  respectfully, 

Wm.  B.  Vansize,  Chairman. 
Caey  T.  Hutchinson,  Secretary. 
T.  C.  Maetin. 
Townsend  Wolcott. 
(  A.  S.  Hibbard. 
By  the  Secretary.  J  W.  F.  C.  Hasson. 

(  H.  S.  Carhart. 
January  21st,  1806. 

The  Secretary  then  read  the  following  resolution  : 
liesolvedy  That  the  directors  of  the  American  Institute  of 
Electrical  Engineers  be  aathorized  and  directed  to  incor- 
porate such  association,  pursuant  to  Section  5  of  the  Member- 
ship Corporation  Law,  under  Article  1  of  such  chapter,  and  to 
execute  and  file  certificates  and  take  such  other  and  further 
steps  as  may  be  proper  and  necessary  therefor. 
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The  President: — Geutleinen,  the  other  societies  are  incor- 
porated, and  we  are  simply  getting  in  line.  There  is  no  radical 
change  to  be  made.     Is  that  motion  seconded  ? 

Mr.  James  Hamblet: — I  second  the  motion. 

The  President  : — We  will  take  this  motion  by  a  rising  vote 
if  you  please.  All  the  members  in  favor  of  the  adoption  of  the 
resolution  will  please  rise. 

4Thir^-nine  meml)ers  rose.] 
'he  President: — All  opposed  to  the  motion  will  please  rise. 

[None  rose  in  opposition.] 

The  President: — The  vote  is  unanimous.  Our  next  busi- 
ness, gentlemen,  is  the  continuation  of  the  discussion  of  Mr. 
Sprague's  paper  on  "Electric  Elevators,  their  Uses  and  Advan- 
tages." According  to  the  notice  that  W/is  sent  out,  the  discussion 
will  be  opened  by  Dr.  Hutchinson,  who  is  now  making  figures 
on  the  board. 

Dr.  Caky  T.  Hutchinson  : — Mr.  President  and  Gentlemen,  I 
propose  to  give  to- night  a  short  account  of  a  test  that  I  made  on 
the  elevator  plant  in  the  Postal  Telegraph  Building ;  a  test  of 
the  energy  expended  in  running  the  elevators  for  a  certain  defi- 
nite time,  under  conditions  of  usual  daily  operation. 

The  plant,  as  has  been  explained,  comprises  six  Sprague-Pratt 
screw  electric  elevators,  two  for  express  and  four  for  way  service. 
Current  is  supplied  by  a  dynamo  for  this  service  alone,  at  a  po- 
tential of  220  volts. 

The  test  was  made  by  connecting  a  Thomson  recording  watt- 
meter, bought  for  the  occasion  and  newly  calibrated,  into  the 
circuit  of  the  six  elevators.  The  readings  of  this  watt-meter  give 
the  energy  consumed.  The  travel  of  tlie  cars  was  measured  by 
putting  a  counter  on  each  elevator.  The  counter  was  an  ordinary 
bicycle  cyclometer,  connected  so  that  each  revolution  of  the 
fast- travelling  sheave  of  the  elevator  moved  the  counter  one 
tooth.  The  ropes  lead  directly  from  the  fast-travelling  sheave 
to  the  car ;  every  revolution  of  the  sheave  meant  a  movement  of 
about  eight  feet  of  the  car;  the  counters  were  of  course  arranged 
so  that  they  did  not  register  backward ;  every  car,  no  matter 
whether  it  went  to  the  third  story  or  the  fourteenth  story,  regis- 
tered its  travel  on  the  counters 

It  was  intended  originally  to  have  these  tests  extended  over 
a  week,  but  owing  to  trouble  with  the  counters,  to  delay  in 
getting  the  meter,  etc.,  it  was  not  possible  to  do  this;  so  the 
record  is  for  only  one  day's  test,  beginning  at  10  o'clock  in  the 
morning  and  ending  at  (>  in  the  evening.  Readings  were  taken 
approximately  every  hour.  I  believe  that  there  will  be  no  sub- 
stantial diflFerence  between  the  results  for  one  day  and  the  results 
which  would  be  obtained  in  a  week's  continuous  test,  at  the  same 
time  of  the  year.  There  should  be  a  diflFerence  between  the  re- 
ault  now,  and  the  result  at  some  diflEerent  time  of  the  year.  The 
results  from  hour  to  hour  are  nearly  the  same.     I  have  put  a 


88 


SPIiAGUE  ON  ELECTRIC  ELEVATORS 


[Feb.  26. 


table  on  the  board,  showing  the  travel  of  each  car  in  miles,  the 
consumption  of  energy  for  each  hour,  and  the  result  of  the  whole 
day's  run. 

TABLE 

SHOWING  RESULTS  OF  TBE  TE8T  MADE    ON   THE    ELECTRIC  ELEVATOR  PLANT  OF   THE 

POSTAL  TELEGRAPH    BUILDING. 


Car  No. 

Car  Travel  in  Miles. 

9.45  A.  M 

to 
II.C5A.M 

tT.05  A.M. 

to 

(2.05  P.M. 

1.14 
l.IO 

1,27 

».05 
1.87 
1.87 

13.05  P.M. 

to 

I.OO    F.  M. 

I.OO   P.  M. 

to 

1.57    P.  M. 

1.57    p.  M. 

to 

2.57   P.  M. 

2.57    P.  M. 

to 
6.00  P.  M. 

3-32 
3-94 
3.85 
3.34 
505 
5.68 

Total 

for 

Day 

9.19 

9.97 
10.99 

7.5« 
14.87 
15.50 

67.33 
990.7 

I 

a 

q 

1.76 

1.72 

1.72 
1.78 

a  33 
'»-33 

.90 
1.10 
l.IO 

1.78 
1.78 

•97 
1. 01 

1.12 

.22 

1.84 

1.84 

7. CO 

32.9 

l.IO 
l.IO 

1.23 
1.12 

9.00 

2.00 

4 

6 

Total 

11.64 
49.  a 
4.a3 

8.30 
34.3 

6.66 

329 
4-95 

8.55 

25.18 

K.  w.  Hours  .   . .   

K.w.  H.p.  per  Car  Mile 

37. 

104.  X 

4M 

4.70 

4-33 

4.07 

437 

Averag^e  speed,  350  feet  per  minute. 

Car  flour  area,  33  square  feet. 

Average  kilowatt-hours  per  car  mile,  4.33. 

There  are  six  cars.  Four  cars  stop  at  every  floor ;  the  others 
are  express,  stopping  at  11th  floor  and  up  to  the  14th.  Three  of 
the  cars  usually  do  not  go  above  the  11th.  The  others  usually 
go  to  the  14th.  But  all  these  variations  are  taken  account  of  in 
the  counters,  which  register  the  actual  car  travel,  and  are  not  based 
on  any  estimate  of  the  average  length  of  the  trip.  The  cars 
run  at  an  average  speed  of  about  350  feet  a  minute  ;  the  area  of 
the  car  platform  is  about  33  square  feet.  The  general  charac- 
ter of  the  installation  has  been  dwelt  ujxni,  so  it  is  not  necessary 
to  go  into  particulars. 

One  furtner  point :  Nos.  5  and  6  are  the  express  elevators. 
In  addition  to  putting  counters  on  the  car,  I  had  the  conductors 
register  their  trips.  The  counter  of  car  No.  5  gave  out  after 
about  an  hour.  In  calculating  the  ear  travel  of  c^r  No.  5,  I 
have  reduced  the  mileage  of  No.  T)  in  proportion  to  the  number 
of  trips  as  kept  by  the  car  men.  The  table  gives,  in  the  vertical 
colunms,  the   actual   mileage  of  each  of  the  six  cars  for  each 
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hour,  beginning  with  car  No.  1,  1.76  miles;  car  No.  2,1.72 
miles,  etc.,  etc.  The  totals  are  given  in  the  iinal  column  —car 
No.  1,  9.19 ;  car  No.  2.  9.97 ;  car  No.  3,  10.29 ;  car  No.  4,  7.51 ; 
ear  No.  5,  14  87  ;  car  No.  6,  15.50. 

The  next  line  gives  kilowatts  hours  consumed,  the  total  being 
290.7,  given  in  the  column  on  the  right.  The  total  mileage  for 
the  six  days  for  the  day  is  67.33,  mailing  the  average  kilowatt 
hours  per  car  mile  4.33.  The  figure  for  kilowatt  hours  per  car 
mile  varies  from  hour  to  hour,  on  account  of  the  different  loads, 
from  4.07  to  4.95. 

The  test,  I  believe  is  as  accurate  as  a  thing  of  this  kind  can  be 
made,  without  extending  it  over  several  weeks ;  it  seem  to  give 
the  results  fairly  of  the  actual  practice  in  this  particular  plant 
under  daily  running  conditions.  1  made  all  the  observations  my- 
self, took  all  the  readings,  and  connected  all  the  instruments 
used ;  I  believe  the  test  is  correct  in  the  general  result. 

Mr.  J.  W.  LiKB,  Jr.,  {communicated:)  As  this  discussion  has 
raised  the  question  of  central  station  service,  it  may  be  in  point 
to  mention  that  of  13,395  h.  p.  on  the  N.  Y.  Edison  system,  ap- 
proximately 5,000  H.  p.  are  for  direct  connected  electric  passenger 
and  freight  elevators,  of  which  there  are  over  500,  probably 
more  than  10^  of  all  elevators  in  New  York.  Of  theee,  360,  of 
about  4,000  n.  p.,  have  been  installed  within  two  years,  of  which 
approximately  2n0  (2,4()0  h.  p.)  were  of  Otis  type;  70  (580 
H.  p.),  A.  \^  See;  and  13  (250  h.  p.  8prague,  the  others  being  of 
various  kinds.  In  January  alone,  50  electric  elevators,  of  over 
700  H.  p.,  were  connected. 

The  company  has  required  that  the  inrush  of  starting  current 
should  not  cause  a  variation  in  pressure  of  more  than  3  volts  above 
or  3  volts  below  the  120- volt  lighting  service,  being  6  volts 
above  or  6  volts  below  the  240  volts  between  outside  wires,  on 
which  motors  are  usually  placed.  These  conditions  have,  as  a 
rule,  been  readily  complied  with  by  contractors,  and  the  lighting 
service  has  compared  favoral)ly  with  that  on  systems  not  carry- 
ing a  motor  load.  The  large  generating  capacity  of  stations, 
and  distributing  capacity  of  street  network,  give  central  station 
service  in  this  particular  a  decided  advantage  over  isolated  plants. 
In  the  one  case,  the  effect  of  many  motors  is  balanced  and  aver- 
aged  to  almost  nothing;  in  the  other  case  the  starting  of  an 
elevator  is  shown  directly  on  the  lights,  which  has  usually  ne- 
cessitated separate  dynamos  for  elevator  service  in  isolated  plants. 
This  seriously  increases  the  investment  cost  and  decreases  the  op- 
erating economy  of  isolated  plants  in  comparison  with  central 
station  service.  The  isolated  plant,  also,  must  have  capacity  to 
cover  the  maximum  demand  of  the  elevator,  except  in  a  building 
where  many  elevators  are  running  simultaneously — again  a  disad- 
vantage compared  with  the  average  demand  on  central  station 
service.  Finally,  if  the  elevator  service  is  to  continue  outside  of 
usual  hours,  either  the  isolated   plant  must  be   run  for  excessive 


40  JSPRA  O  UiC  ON  ELKOTRW  BLE  VA  TORS.  [Feb.  26, 

hours  at  great  sacrifice  of  econom  y,  or  a  suppIemeDtal  service  must 
be  obtained  from  central  stations,  or  the  elevators  must  be  re- 
stricted to  the  stated  hours,  to  the  consequent  discomfort  and 
annoyance  of  tenant*^. 

The  price  of  current  for  elevator  service  has  been  kept  at 
usual  power  rates — as  low,  for  1,500  h.  p.  hours  per  month,  as 
5c.  per  H.  p.  hour,  ^^q  per  k.  w.  hour.  The  intermittent  nature 
of  elevator  service  results  in  a  much  lower  average  return  per 
H.  p.  from  elevator  motors  than  from  almost  any  other  class,  the 
figures  approximating  from  %\S  to  $25  per  year  per  h.  p.  in- 
stalled— a  cost  far  below  that  of  a  power  like  steam,  which  must 
be  kept  on  tap  in  the  individual  building  to  the  extent  of  the 
maximum  demand,  and  paid  for  accordingly.  For  this  price 
service  is  available  24  hours  for  365  days  in  the  year.  These 
figures  and  results  compare  rather  well  with  isolated  plants,  when 
all  the  elements  of  cost  are  fairly  considered — except  in  those 
extraordinary  euses,  rivaling  Keely  motor  results,  where,  as  in 
one  instance,  an  engineer  reported  a  cost  of  less  than  one  cent 
per  K.  w.  hour  for  electric  current,  and  another  lighted  his 
building  for  "  practically  nothing."  To  enable  owners  to  compare 
fairly,  isolated  plant  costs  with  central  station  service,  the  Edison 
Company  has  recently  prepared  a  blank  for  the  use  of  owners 
and  electrical  engineers.  From  the  data  obtained  in  a  recent 
case,  it  was  found  that  a  proposed  building,  requiring  5,000 
lamps  and  2,750,000  lamp  hours  per  annum,  would  show  an 
operating  cost  for  isolated  plant  of  $I8,000  per  year,  while  central 
station  service  at  present  rates  would  cost  about  $12,500  It 
may  be  added  that,  central  station  supply,  with  the  double  service 
usual  in  large  office  buildings,  from  two  diflEerent  mains,  and 
with  supply  from  the  several  Edison  stations,  gives  a  surety  of 
resource  not  to  be  expected  from  an  isolated  plant,  unless  under 
exceptional  conditions,  and  with  the  larii:e  additional  investment 
necessary  to  give  duplicate  generating  capacity. 

Mr.  George  Hill: — Continuing  my  remarks  at  the  last 
meeting,  I  desire  to  state  that  on  page  12  of  the  paper,  Mr. 
Sprague  announces:  "To  meet  the  hydraulic  macnine,  there 
"  was  designed  and  developed  what  is  now  known  as  the  Sprague- 

"  Pratt  multiple  sheave  electric  screw  elevator 

"  This  machine  now  stands  the  superior  to  the  hydraulic  elevator 
"  in  that  it  has  speed  and  capacity,  with,  if  anything,  greater 
*'  safety  and  certain  advantagef^  in  its  automatics. 

•'  On  high  lifts  it  occupies  less  space  ;  it  is  more  flexible  in  its 
**  application,  is  more  economical  to  operate  and  is  more  easily 
"  cared  for." 

On  page  22  he  says  that  the  Postal  Telegraph  plant  is  one  to 
which  this  remark  applies. 

Mr.  Sprague  says  that  at  a  certain  test  of  this  plant  1,186  lbs.  of 
coal  were  burned,  but  arbitrarily  reduces  the  amount  by  7  per 
cent,  and  then  says  22^  lbs.  per  car  mile  was  the  duty.     You  all 


18ft«.]  DISCUSSION  IN  NEW  YORK.  41 

know  that  such  a  test  must  have  been  of  relatively  short  dura- 
tion :  that  estinriating  the  condition  of  the  fire  at  the  beginning 
and  the  end  of  the  test  is  very  unreliable,  and  that  there  is  an 
opportunity  for  grave  errors  to  creep  in  ;  but  in  addition  to  this 
we  are  not  given  data  as  to  either  engine  or  generator  size,  as  to 
time  of  the  day,  day  of  week,  number  of  trips  the  car  made, 
the  number  of  stops  the  cars  made,  whether  they  were  on  regular 
duty  or  operating  by  running  continuously  up  and  down  as  rap- 
idly as  possible  without  any  stops 

All  of  this  data  is  necessary  to  form  a  correct  idea  of  what 
can  be  done,  especially  when  we  consider  that  the  amount  of 
current  required  to  start  this  machine  is  more  than  double  its 
running  current,  and  that  consequently  the  power  consumption 
per  car  mile  for  the  same  machine  operated  un  jer  the  same  con- 
ditions will  vary  almost  directly  with  the  number  of  stops  made, 
increasing  with  every  stop  so  as  to  nearly  double  the  current  con- 
sumption in  service  conditions  over  the  amount  required  for  ex- 
hibition-coal-percar-mile  purposes. 

This  ends  his  economy  data. 

Air.  Sprague  gives  a  few  words  about  tons  of  water  lifted  hun- 
dreds of  feet,  2^  tons  lifted  880  ft.  per  car  trip  and  asks  if  this 
is  economy.      Wlien  reduced   to    n.  p.,  this  means  50  h.  p.  ex- 

{)ended  during  the  time  occupied  by  a  round  trip  for  one  car,  regard- 
ess  of  the  number  of  stops  or  loads. 

Comparing  this  with  the  figures  obtained  by  Prof.  Shepard- 
«on  at  the  Minneapolis  tests  oi  the  screw  electric  machines,  we 
have  car  lifting  a  live  load  of  2,500  lbs.,  (small  load)  850  feet  per 
minute  (low  speed),  and  requiring  52  electric  h.  p. 

In  this  Shepardson  record,  no  mention  is  made  of  the  start- 
ing current  required,  so  that  we  have  at  the  beginning  an  ex- 
penditure of  energy  greater  than  the  figures  Mr.  Spragiie  gives 
us,  to  which  must  be  added  the  expenditure  of  energy  required 
to  start  the  car  after  every  stop. 

First:     In  a  first-class  elevator  plant,  there  should  be: 

{a)  Perfect  regularity  in  car  dispatching. 

(b)  No  missing  of  landings. 

[c)  The  highest  speed  the  Iniman  system  can  bear. 
/i)  Perfect  safety. 
{€)  Reasonable  economy,  both  of  capital  and  for  operation  as 

a  part  of  a  large  plant. 

The  three  first  mentioned  all  have  for  a  common  object  the 
delivery  of  the  passenger  in  the  shortest  possible  time. 

The  fundamental  ditficulties  with  the  screw  electric  machine 
4ire: 

I.  The  surge  of  current  through  the  motor  to  overcome  the 
inertia  of  the  car  is  so  great  as  to  demand  either  storage  bat- 
teries or  two  separate  generating  sets.  This  assertion  is  based  on 
my  experience  with  the  drum  electric  machines  (which  require 
Al)out  one-half  the  current  of  the  screw  electric)  at  the  A  meri- 
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can  Book  OompaDy  aud  the  Jefferson  Hotel.  Observations  of 
the  Postal  Telegraph  plant,  reports  of  the  operation  of  the  screw 
electric  machines  at  the  Hotel  Grand  (which,  by  the  way,  1  am 
told  is  everlastingly  in  trouble),  Minneapolis  and  Chicago,  and  am- 
meter readings  on  a  dozen  dram  electric  machines  here  in  New 
York,  and  observations  of  the  actions  of  the  standard  forms  of 
direct  connected  generating  units  running  underloaded,  when 
suddenly  loaded  to  near  their  capacity. 

If  this  is  not  enough  proof,  visit  any  of  the  places  where  the 
screw  electric  machine  is  in  use,  and  observe  the  variation  in 
voltage  when  it  starts. 

II.  The  inertia  of  the  car  in  stopping  is  constantly  varying^ 
since  it  depends  on  speed,  weight  and  direction  of  motion,  all 
of  which  are  variants.  The  stop  is  eflfected  by  the  short-circuit- 
ing device  and  the  brake;  the  short-circuiting  device  requires 
time,  and  the  brake  having  a  constant  retarding  effect,  requires 
a  different  length  of  travel  to  accomplish  its  purpose  each  time 
the  conditions  vary.  As  a  consequence,  either  the  operator  must 
run  with  extreme  caution,  slowing  up  as  he  approaches  each  land- 
ing to  prevent  running  past  it,  or  else  take  tne  chance  of  miss- 
ing  the  landing  and  runnmg  back  to  it,  which  involves  a  loss  of 
time  sufficiently  ffreat  to  permit  him  to  have  travelled  through 
another  story.  This  feature  is  so  well  known  that  even  laymen 
mention  it  to  me  when  I  speak  of  electric  elevator?*.  I  have  ob- 
served it  in  the  case  of  careless  operators  on  every  electric  ele- 
vator on  which  I  have  ridden.  Tne  defect  is  inherent  in  the  de- 
sign of  the  machine,  and  increases  in  seriousness  as  the  sqnare  of 
the  speed,  and,  as  a  consequence,  really  high  speeds  will  be 
found  impracticable  until  a  i*adical  change  is  made. 

This  feature  affects  everything  except  the  safety  of  the  ma- 
chine. 

Mr.  Sprague  says  (page  20)  that  his  short-circuiting  device  can 
control  the  elevator,  but  you  know  that  there  must  be  rotation  of 
the  armature  and  consequently  motion  of  the  car  for  it  to  be  ef- 
fective. 

This  cannot  be  relied  on  alone,  since  any  break  in  any  circuit 
of  the  motor  results  in  throwing  it  out  of  operation. 

III.  Concerning  economy  ;  in  every  tirst-class  hydraulic  plant 
the  pumps  work  at  a  uniform  rate.  There  are  not  less  than  six 
makers  of  pumps  who  will  guarantee  a  duty  of  30  lbs.  of  steam 
per  pump  h.  p.  liour.  A  plant  consists  only  of  pump,  two  tanks 
and  connecting  piping,  and  the  elevator  cylinder.  The  number 
of  foot  lbs.  of  work  done  by  the  pump,  equals  the  maximum 
load  multiplied  by  one  half  the  number  of  feet  travelled,  di- 
vided by  the  efficiency,  55  per  cent.,  and  is  a  constant. 

The  experience  of  all  of  the  makers  tends  to  the  belief  that 
the  cars  average  one-half  the  number  of  people  lifted  that  they 
could  lift,  and  consequently  the  expenditure  of  energy  in  lifting 
water  is  about  8.t)7  times   that  of  the   useful   work  done;  but 
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having  once  stored  up  this  amount  of  energy,  there  is  absolutely 
no  limit  to  the  number  of  stops  which  can  be  made.  This  gives 
110.10  lbs.  as  the  steam  per  useful  horse- power,  and  if  the  cars 
all  ran  fully  loaded,  this  consumption  would  be  halved. 

In  the  screw  electric  machine,  as  I  have  before  said,  there  is 
demanded  either  a  special  generating  set  or  storage  battery.  For 
the  generating  set  the  engines  would  run  under-loaded,  de- 
manding at  least  60  lbs.  of  steam  per  indicated  h.  p.  for  one- 
half  the  work  to  be  done,  which,  divided  by  the  efficiency  of  the 
machine  51.3  per  cent.,  gives  117  lbs.  as  the  steam  expenditure, 
plus  an  additional  amount  to  be  allowed  for  every  landing  made. 
This  60  lbs  per  indicated  h.  p.  hour  is  based  on  my  observations  of 
about  300  cards  taken  from  seven  engines  of  capacities  varying 
from  25  to  75  kilowatts,  showing  a  steam  consumption  by  com- 
putation from  the  cards,  accordmg  to  the  Thompson  method,  of 
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from  67  lbs.  at  25  per  cent,  of  rated  capacity,  down  to  30  lbs.  at 
rated  capacity. 

The  influence  of  the  number  of  landings  made,  and  the  care 
with  which  each  stop  is  effected,  has  an  interesting  effect  on  the 
output,  thus  the  current  for  one  machine  making  a  run  of  the 
entire  travel  with  but  one  start  would  be  as  shown  in  Fig.  1.  The 
hump  must  be  repeated  every  time  the  car  is  started,  and  every  time 
a  landing  is  missed.  Imagine  the  consequence  on  the  area  of  the 
curve  where  a  car  is  compelled,  as  in  many  of  our  buildings  it 
is,  to  stop  on  an  average  of  every  other  landing,  both  up  and 
down.  Our  economy,  as  above  stated,  was  for  a  single  start. 
For  the  usual  conditions  the  steam  consumption  must  be  very 
much  increased. 
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If  a  storage  battery  is  taken  as  tlie  other  alternative,  an  en- 
tirely new  set  of  conditions  arise. 

In  the  first  place  we  have  the  interest  and  maintenance  of  the 
battery  to  be  charged  against  a  saving  of  coal,  and  in  the  next 
place  we  must  consider  the  efficiency  losses  of  the  under-loaded 
generator,  charging  the  batteries  through  a  booster,  3  or  4  auto- 
matic switches,  etc. 

In  the  case  of  the  Postal  Telegraph  plant,  to  install  a  battery, 
allowing  15  per  cent,  for  maintenance  cost,  depreciation  and 
interest  on  mvestment,  there  would  be  a  minimum  charge 
of  $'^,00()  per  annum,  or  enough  to  purchase  more  than  three 
tons  of  coal  per  day — rather  a  serious  item. 

Assuming  that  the  storage  battery  is  used,  and  admitting  that 
by  its  use  the  coal  consumption  could  be  halved  in  so  far  as  the 
storage  of  energy  is  concerned,  we  have  to  consider  the  watt  ef- 
ficiency of  the  battery,  a  matter  of  about  85  per  cent.,  and,  next, 
the  efficiency  of  conversion  of  the  booster,  say  90  per  cent.,  and  a 
steam  consumption  of  35  lbs.,  or  a  resultant  consumption  of  90 
lbs.,  or  20  lbs.  gain,  considering  simply  efficiencies.  Of  economy 
we  can  then  say  tliat  for  a  special  generating  set,  the  steam  con- 
sumption will  be  about  the  same  (110  lbs.  hydraulic — 117  electric) 
when  the  conditions  are  best  for  the  screw  electric,  and  worst 
for  the  hydraulic,  as  I  have  before  demonstrated. 

For  storage  l)attery  use,  we  have  seen  that  the  cost  of  battery 
would  about  pay  for  the  coal  which  Mr.  Sprague  says  is  re- 
quired to  run  an  hydraulic  plant.  (Discussion  page  26).  If  we 
add  to  this  expense  the  cost  of  a  break  down  connection,  the 
cost  is  nearly  double  again. 

Second,  A  few  words  concerning  some  of  Mr.  Sprague's 
other  points : 

On  page  5,  Mr.  Sprague  gives  the  field  of  the  electric  elevator. 
His  first  sub-division  brings  up  a  condition  that  has  never  occurred 
in  my  practice,  and,  in  my  belief,  could  not  occur  except  in  con- 
nection with  other  conditions,  which  would  dictate  the  demoli- 
tion of  the  building  entirely. 

His  second  case  I  dispute. 

His  third  case  I  cannot  imagine  as  occurring,  especially  as  I 
know  of  several  cases  where  a  change  from  a  slow  hydraulic  to  a 
high  speed  hydraulic  was  effected  without  interference  with  the 
service. 

His  fourth,  fifth  and  sixth  cases  are  perfectly  met  with  the  drum 
machine. 

His  statement  on  pages  9  and  10  is  in  my  estimation  unfair, 
since,  as  I  have  above  stated,  in  a  reasonably  well  designed  plant, 
properly  operated,  there  is  a  demand  for  a  constant  output  of 
energy  on  the  part  of  the  pumps,  and  it  is  simply  a  question  for 
the  owner  to  determine  between  capital  account  and  coal  bills. 

The  statement  on  page  9  that  iifty  combinations  of  engines 
and  dynamos  demand  less  water  evaporate  than  one  hydraulic 
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pnrap  is  a  fair  8ample  of  tlie  etatenients  made.  Taking  his  own 
statement  as  to  the  steam  consumption  of  a  generating  unit  as 
given  in  the  same  paragraph,  as  less  than  40  lbs.,  say  30  per  h.  p., 
and  taking  the  efficiency  of  the  combination  as  95  per  cent.,  we 
would  have  for  lifty  transformations  31)0  lbs.  of  water  to  com- 
pare with  the  60  or  70  lbs.  stated  by  him  in  this  paragraph  as 
the  pump  water  consumption. 

On  page  10  he  says  the  electric  elevator  used  current  directly 
proportioned  to  the  work,  modified  in  small  degree  by  starting 
and  slow  running.  I  think,  on  the  contrary,  it  would  be  more 
nearly  the  truth  to  say  modified  in  an  enormous  degree  by  start- 
ing, slow  running  and  number  of  landings. 

The  difficulties  mentioned  in  the  last  two  paragraphs  of  page 
10  are,  as  far  as  my  experience  goes,  fanciful,  due  not  to  difficul- 
ties inherent  to  the  hydraulic  elevator  but  simply  to  the  dis- 
inclination on  the  part  of  most  architects  to  be  bound  by  limi- 
tations of  any  kind  whatever. 

Concerning  the  packing  of  hydraulic  cylinders  and  the  cost  of 
maintenance  of  them,  Mr.  Sprague  mentions  isolated  cases  where 
trouble  has  occurred  due  to  stupidity  on  the  part  of  the  opera- 
tors, or  carelessness  or  worse  on  the  part  of  a  snop  foreman.  A 
most  cursory  investigation  of  the  hydraulic  elevators  will  con- 
vince the  fair-minded  that  the  difficulties  are  exaggerated. 

Mr.  Sprague  mentions  the  need  of  heating.  1  cannot  speak  for 
every  consulting  engineer,  but  I  know  that  in  my  own  ])racticeone 
of  the  first  points  which  I  consider  i^  the  heat  unit  transmission  of 
a  building  for  the  year,  and  I  usually  figure  it  out  very  carefully 
from  the  best  plans  available,  using  the  German  method  and  ap- 
portioning the  losses  per  square  foot  of  wall,  window,  roof  and 
cellar  surface  according  to  the  actual  conditions 

In  the  American  Book  Company  plant,  we  find  it  practicable 
to  heat  all  of  our  part  of  the  building  under  all  conditions,  and 
all  of  the  three  upper  stories  occupied  by  the  University  under 
all  but  the  most  severe  conditions  with  less  than  three  pounds  of 
back  pressure. 

At  the  Odd  Fellows  Temple  in  Philadelphia,  we  heat  under 
all  but  the  most  severe  conditions,  without  one  pound  of  back 
pressure,  and  without  the  use  of  live  steam. 

In  both  of  these  large  buildings,  there  are  two  high  speed  hy- 
draulic elevators  operating  constantly,  during  seventeen  hours  a 
dav. 

In  a  great  many  other  plants  that  I  know  of,  the  daily  coal 
consumption  increases  in  the  fall  and  winter  as  a  regular 
thing,  not  because  of  the  increase  of  lighting  requirements, 
since  my  observations  show  it  to  vary  with  the  outside  average 
temperature  rather  than  with  the  condition  of  the  sky  or  am- 
pere output,  and  I  have  the  records  of  three  large  buildings  to 
refer  to. 
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Third.    Let  ub  refer  to  the  Postal  Telegraph  plsnt ; 

Mr.  Spragne,  in  his  veir  int«reetiDg  remarks,  states  that  "  in 
"  the  Postal  Telegraph  Buildine  they  are  running  more  lights, 
"  more  car  miles  of  elevator  service,  pumping  more  air,  running 
"  more  motor  converters,  running  more  continaous  hours  of  ser- 
"  vice  in  a  year  than  any  building  in  the  city  of  New  York, 
•'  and  running  it  on  less  coal  than  any  hnilding  in  the  city  of 
"  New  York  for  the  same  service  " 

This  is  a  general  challenge  to  produce  any  mechanical  plant  of 
nearly  equaisize  operating  as  economically. 

There  is  also  the  inference  that  this  economy  of  operation  is 
due  to  the  use  of  the  SpraguePratt  Bcrew  electric  elevator.  I 
shall  show  that  this  is  a  very  inefficient  plant. 

Keeently  it  has  been  burning  on  an  average  of  7f  tons  per 
day  of  broken  coal  at  $4,50  perton.  It  has  one  generator  run- 
ning for  electric  elevator  operation  alone,  in  whicli  tlie  ampere* 
vary  from  zero  to  650.  Volts  vary  from  190  to  245.  The  ele- 
vator speeds  are  about  275  feet  per  minute. 

My  authority  for  coal  consumption  cannot  be  divulged,  but  I 
pledge  my  word  that  yon  wonld  unquestionably  accept  it  if  I 
should  state  it. 

PHILADELPHIA     RKSUI/l'S 
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The  Postal  Telegraph  Building  is  protected  by  the  Home  Life 
Building  on  the  north.  Its  exposure  is  principally  to  the 
south,  affording  an  advantage  of  20  per  cent,  in  heat  required. 
The  elevator  service  is  not  24  hours  a  day  for  the  entire  plant, 
but  that  of  a  regular  office  building,  with  a  few  of  the  elevators, 
a  portion  of  the  lights,  etc.,  run  at  night  for  the  telegraph  ser- 
vice.    The  building  is  very  well  lit  naturally. 

This  coal  consumption  is  for  a  very  recent  period.  Mr. 
Sprague's  figures,  given  after  the  conclusion  of  my  remarks  of 
an  average  from  June  '94  to  December  '95  of  6.2  tons,  are  the 
practical  substantiation  of  the  figures  above  given,  because  he 
gives  us  the  averat^e  for  two  summers  and  one  winter,  start- 
ing from  the  time  wnen  the  building  began  to  be  occupied.  My 
records  of  plants  show  about  the  same  proportionate  increase 
between  the  daily  average  during  the  period  for  which  I  have 
made  the  comparison. 

ThjB  Home  Life  Building  is  exposed  on  all  sides,  is  very  tall 
and  has  a  tower,  which  I  have  not  counted  in  making  the  cul)e. 
It  has  an  expensive  and  extensive  indirect  heating  system  for 
the  lower  floors,  three  hydraulic  elevators,  is  occupied  as  an  of- 
fice building  during  twelve  hours  of  the  day,  with  a  supplemental 
service  for  five  hours  longer.  I  give  two  rates  of  coal  consump- 
tion, the  lower  rate  being  for  five  degrees  higher  average 
temperature  than  was  experienced  during  the  time  of  the 
Postal  Telegraph  records  under  an  exceptionally  competent  en- 
gineer, and  the  other  taken  at  the  same  time  that  the  Postal  ob- 
servations were  made,  and  the  work  of  a  less  competent  en- 
gineer. My  belief  is  that  more  than  half  of  the  difference  is 
due  to  the  difference  in  the  men. 

The  Mail  and  Express  Building  is  exposed,  as  you  know,  on 
all  sides.  In  addition  to  heating  the  building,  ventilating  the 
basement  with  a  large  electric  fan,  ventilating  the  engine  room 
with  a  large  steam  fan,  operating  four  hydraulic  vertical  cylin- 
der elevators,  two  hydraulic  horizontal  cylinder  plate  hoists,  the 
entire  lighting  service  of  the  building  and  the  operation  of  the 
large  Hoe  presses  required  for  the  issue  of  the  paper,  consider- 
able live  steam  is  used  in  the  stereotyping  room  for  the  driving 
of  a  small  engine  running  eight  hours  a  day,  and  for  the  heating 
of  a  building  adjoining.  The  plant  unquestionably  could  be 
materially  improved ;  the  daily  coal  consumption,  however, 
shows  remarkably  well. 

The  Morris  Building  is  strictly  an  office  building,  running  at 
night  for  the  convenience  of  tenants,  as  well  as  by  day,  has  three 
hydj  aulic  elevators  and  an  independent  electric  lighting  plant ; 
coal  consumption  given  is  annual,  averaged  for  a  day. 

The  American  Book  Company  building  is  ten  stories,  with 
cellar  and  sub-cellar,  nine  of  the  stories  being  occupied  by  the 
American  Book  Company  factory,  in  which  there  are  over  170  h.p. 
of  motors,  three  large  drum  electric  elevators,  two  hydraulic  eleva- 
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tors  of  450  per  minute  speed,  one  steam  and  hydraulic  sidewalk 
elevator,  a  wasteful  indirect  heating  plant  for  the  roof,  requiring 
live  steam  in  severe  weather  in  considerable  quantities,  a  num- 
ber of  ventilating  fans,  etc.  The  hydraulic  elevators  are  used 
for  the  service  of  the  three  upper  floors,  and  are  run  constantly. 
Inasmuch  as  the  shipping  departments  are  on  the  third  and 
fourth  floors,  and  the  manufacturing  departments  on  the  top 
floors,  tlie  electric  elevators  are  in  constant  use  all  of  the 
time.  Two  points  are  particularly  noticeable.  One,  very  mod- 
erate coal  consumption,  dropping  to  less  than  two  tons  of  coal 
per  day  in  the  summer,  and  the  other,  the  fact  that  the  watt- 
meter records  taken  continuously  day  after  day,  one  on  the  man- 
ufacturing circuit,  which  includes  all  fans,  etc.,  and  the  other  on 
the  total  power,  which  includes  the  first  circuit  and  the  electric 
elevators,  are  practically  only  2.5  k.  w.  apart,  with  an  occasional 
peak  lasting  but  a  second  when  two  or  more  elevators  happen  to 
start  together. 

The  Odd  Fellows  Temple  is  a  large  building,  one-half  occu- 
pied as  offices,  and  the  other  half  for  Odd  Fellows'  meeting 
rooms,  entertainments,  etc.  One  of  the  courts  only  goes  through 
five  stories  ;  the  building  is  heated  entirely  by  indirect  radiation, 
a  120-inch  Sturtevant  fan  being  used  occasionally  during  the  day- 
time, and  always  during  the  evening  in  the  summer.  The  build- 
ing has  two  hydraulic  elevators,  besides  its  isolated  plant,  and 
runs  continuously  for  eighteen  hours  a  day.  In  the  top  floor 
there  is  a  restaurant,  which,  the  janitor  claims,  demands  tlie  ex- 
penditure of  one  ton  a  day  alone  lor  live  steam  for  cooking,  etc. 
The  coal  consumption  stated  is  for  the  same  period  as  the  Postal, 
and  is  about  the  average  in  addition  for  the  three  winter  months. 

The  Manhattan  Lite  has  5  hydraulic  elevat<.»rs;  one  running 
twenty-four  hours  a  day,  has  the  Weather  Bureau,  which  de- 
mands light  and  heat  during  twenty-four  hours  a  day,  and  a 
seven-story  tower,  neither  of  which  are  figured  into  tne  cube, 
nor  allowance  made  therefor.  The  regular  office  service  is  for 
eleven  hours  a  day,  and  there  is  a  supplemental  service  of  thir- 
teen hours.  Coal  consumption  stated  for  the  same  period  as  the 
Postal.  Elevator  speeds  arc  very  much  higher,  and  my  belief 
is  that  the  elevator  car  miles  exceed  those  of  the  Postal  by  prob- 
ably 30  per  cent.  Lighting  requirements  are  undoubtedly 
greater,  and  the  heating  requirements  certainly  so,  as  the  build- 
ing is  entirely  exposed  on  all  sides  and  is  very  lofty. 

I  have  endeavored  to  make  the  table  giving  these  results  as 
complete  as  possible. 

In  the  column  headed  "  Special "  I  have  made  aUowances  in 
accordance  with  my  own  judgment,  so  as  to  reduce  all  to  a  uni- 
form basis  of  hours  of  service.  The  two  other  columns  of  cost 
are  figured  from  a  perfectly  evident  basis. 

Taking  any  one  you  please,  the  marked  inefficiency  of  the 
Postal  plant  is  evident. 
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The  Postal  Telegraph  Building  is  protected  by  the  Home  Life 
Building  on  the  north.  Its  exposure  is  principally  to  the 
south,  affording  an  advantage  of  20  per  cent,  in  heat  required. 
The  elevator  service  is  not  24  hours  a  day  for  the  entire  plant, 
but  that  of  a  regular  office  building,  witli  a  few  of  the  elevators, 
a  portion  of  the  lights,  etc.,  run  at  night  for  the  telegraph  ser- 
vice.    The  building  is  very  well  lit  naturally. 

This  coal  consumption  is  for  a  very  recent  period.  Mr. 
Spragne's  figures,  given  after  the  conclusion  of  my  remarks  of 
an  average  froi»i  June  '1)4  to  December  '1)5  of  6.2  tons,  are  the 
practical  substantiation  of  the  figures  above  given,  because  he 
gives  us  the  average  for  two  summers  and  one  winter,  start- 
ing from  the  time  wlien  the  building  began  to  be  occupied.  My 
records  of  plants  show  about  the  same  proportionate  increase 
between  the  daily  average  during  the  period  for  which  I  have 
made  the  comparison. 

ThjB  Home  Life  Building  is  exposed  on  all  sides,  is  very  tall 
and  has  a  tower,  which  I  have  not  counted  in  making  the  cube. 
It  has  an  expensive  and  extensive  indirect  heating  system  for 
the  lower  floors,  three  hydraulic  elevators,  is  occupied  as  an  of- 
fice building  during  twelve  hours  of  the  day,  with  a  supplemental 
service  for  live  hours  longer.  I  give  two  rates  of  coal  consump- 
tion, the  lower  rate  being  for  five  degrees  higher  average 
temperature  than  was  experienced  during  the  time  of  the 
Postal  Telegraph  records  under  an  exceptionally  competent  en- 
gineer, and  the  other  taken  at  the  same  time  that  the  Postal  ob- 
servations were  made,  and  the  work  of  a  less  competent  en- 
gineer. My  belief  is  that  more  than  half  of  the  difference  is 
due  to  the  difference  in  the  men. 

The  Mail  and  Express  Building  is  exposed,  as  you  know,  on 
all  sides.  In  addition  to  heating  the  building,  ventilating  the 
basement  with  a  large  electric  fan,  ventilating  the  engine  room 
with  a  large  steam  fan,  operating  four  hydraulic  vertical  cylin- 
der elevators,  two  hydraulic  horizontal  cylinder  plate  hoists,  the 
entire  lighting  service  of  the  building  and  the  operation  of  the 
large  Hoe  presses  required  for  the  issue  of  the  paper,  consider- 
able live  steam  is  used  in  the  stereotyping  room  for  the  driving 
of  a  small  engine  running  eight  hours  a  day,  and  for  the  heating 
of  a  building  adjoining.  The  plant  unquestionably  could  be 
materially  improved ;  tlie  daily  coal  consumption,  however, 
shows  remarkably  well. 

The  Morris  Building  is  strictly  an  oflSce  building,  running  at 
night  for  the  convenience  of  tenants,  as  well  as  by  day,  has  three 
hydraulic  elevators  and  an  independent  electric  lighting  plant ; 
coal  consumption  given  is  annual,  averaged  for  a  day. 

The  American  Book  Company  building  is  ten  stories,  with 
cellar  and  sub-cellar,  nine  of  the  stories  being  occupied  by  the 
American  Book  Company  factory,  in  which  there  are  over  170  h.p. 
of  motors,  three  large  drum  electric  elevators,  two  hydraulic  eleva- 
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tors  of  450  per  minute  speed,  one  steam  and  hydraulic  sidewalk 
elevator,  a  wasteful  indirect  heating  plant  for  the  roof,  requiring 
live  steam  in  severe  weather  in  considerable  quantities,  a  num- 
ber of  ventilating  fans,  etc.  The  hydraulic  elevators  are  used 
for  the  service  of  the  three  upper  floors,  and  are  run  constantly. 
Inasmuch  as  the  shipping  departments  are  on  the  third  and 
fourth  floors,  and  the  manufacturing  departments  on  the  top 
floors,  the  electric  elevators  are  in  constant  use  all  of  the 
time.  Two  points  are  particularly  noticeable.  One,  very  mod- 
erate coal  consumption,  dropping  to  less  than  two  tons  of  coal 
per  day  in  the  summer,  and  the  other,  the  fact  that  the  watt- 
meter records  taken  continuously  day  after  day,  one  on  the  man- 
ufacturing circuit,  which  includes  all  fans,  etc.,  and  the  other  on 
the  total  power,  which  includes  the  first  circuit  and  the  electric 
elevators,  are  practically  only  2.5  k.  w.  apart,  with  an  occasional 
peak  lasting  but  a  second  when  two  or  more  elevators  happen  to 
start  together. 

The  Odd  Fellows  Temple  is  a  large  building,  one-half  occu- 
pied as  offices,  and  the  other  half  for  Odd  Fellows'  meeting 
rooms,  entertainments,  etc.  One  of  the  courts  only  goes  througn 
five  stories  ;  the  building  is  heated  entirely  by  indirect  radiation, 
a  120-inch  Sturtevant  fan  being  used  occasionally  during  the  day- 
time, and  alwavs  during  the  evening  in  the  summer.  The  build- 
ing has  two  hydraulic  elevators,  besides  its  isolated  plant,  and 
runs  continuously  for  eighteen  hours  a  day.  In  the  top  floor 
there  is  a  restaurant,  which,  the  janitor  claims,  demands  the  ex- 
penditure of  one  ton  a  day  alone  for  live  steam  for  cooking,  etc. 
The  coal  consumption  stated  is  for  the  same  period  as  the  Postal, 
and  is  about  the  average  in  addition  for  the  three  winter  months. 

The  Manhattan  Li^  has  5  hydraulic  elevat<.»rs;  one  running 
twenty-four  hours  a  day,  has  the  Weather  Bureau,  which  de- 
mands light  and  heat  during  twenty-four  hours  a  dav,  and  a 
seven-story  tower,  neither  of  which  are  figured  into  tne  cube, 
nor  allowance  made  therefor.  The  regular  office  service  ie  for 
eleven  hours  a  dav,  and  there  is  a  supplemental  service  of  thir- 
teen hours.  Coal  consumption  stated  for  the  same  period  as  the 
Postal.  Elevator  speeds  arc  very  much  higher,  and  my  belief 
is  that  the  elevator  car  miles  exceed  those  of  the  Postal  by  prob- 
ably 30  per  cent.  Lighting  requirements  are  undoubtedly 
greater,  and  the  heating  reauirements  certainly  so,  as  the  buildf- 
ing  is  entirely  exposed  on  all  sides  and  is  very  lofty. 

I  have  endeavored  to  make  the  table  giving  these  results  as 
complete  as  possible. 

In  the  column  headed  "  Special  "  I  have  made  aUowances  in 
accordance  with  my  own  judgment,  so  as  to  reduce  all  to  a  uni- 
form basis  of  hours  of  service.  The  two  other  columns  of  cost 
are  figured  from  a  perfectly  evident  basis. 

Taking  any  one  you  please,  the  marked  inefficiency  of  the 
Postal  plant  is  evident. 
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In  conclusion,  1  am  fully  alive  to  the  shortcomings  of  the  hy- 
draulic elevator,  have  been  fighting  for  years  to  obtain  more  effi- 
cient pumps  in  my  plants,  and  to  get  a  closer  relation  l)etween 
the  energy  expended  and  the  load  lifted ;  but  I  do  not  see  what 
road  is  open  to  secure  the  enormous  advantage  inherent  in  a 
hydraulic  cylinder  due  to  the  fact  that  the  acceleration  of  the 
car  on  starting  does  not  derange  the  source  of  supply  while  in 
every  form  of  electric  elevator,  this  must  occur.  It  can  be  han- 
dled in  the  drum  machine,  but  not  in  the  screw  machine  within 
any  reasonable  limits,  and  the  final  point,  that  the  stoj)  in  tlie 
hydraulic  machine  is  always  positive,  while  in  the  electric  ma- 
machine  it  rarely  is. 

Mr.  John  D.  Ihldek: — I  should  like  to  call  your  attention 
to  the  difference  between  the  screw  machine  and  the  ordinary 
drum  machine.  Mr.  Si)ragne  makes  the  claim  that  the  screw 
machine  is  the  only  one  that  is  fit  for  high  speed  service,  and  he 
bases  his  claim  upon  its  special  construction.  Now,  why  an 
electric  machine  which  has  a  rotary  motion  should  be  built  on 
the  same  lines  as  a  hydraulic  machine  which  is  reciprocating  in 
its  motion  and  has  a  short  cylinder,  and  therefore  must  have 
multiplying  sheaves,  seems  very  strange.  The  screw  machine 
of  Mr.  Sprague  has,  through  these  multiplication  sheaves,  an  en- 
ormous pressure  on  the  screw,  which  it  seems  he  has  overcome  in 
a  more  or  less  satisfactory  way,  by  making  special  tools,  using 
special  material,  and  large  ball  bearings,  all  of  which  are  not  neces- 
sary in  the  ordinary  dnim  machine.  The  ordinary  dnim  machine 
has  the  large  advantage,  again,  of  overbalancing.  "The  screw  ma- 
chine cannot  be  overbalanced.  In  this  way  the  drum  machine  re- 
duces its  duty  down  to  less  than  one-half  that  of  the  screw  machine, 
consequently  the  screw  machine  requires  a  very  large  plant  for 
operating  it,  or  has  to  use  very  heavy  currents  when  it  draws  its 
power  from  the  street.  The  difference  between  a  balanced  car  and 
an  overbalanced  car  is  not  very  familiar  to  most  of  the  members 
here.  To  illustrate  this  difference,  take,  for  instance,  a  car  of  a 
duty  of  2,000  pounds,  with  400  feet  speed.  A  drum  machine  can 
overbalance  this  load,  if  it  is  desiied,  to  one-haif,  so  that  the 
duty  of  the  machine  is  reduced  down  to  1,000  pounds.  But  the 
screw  machine  of  Mr.  Spmgue's  cannot  only  not  overbalance  the 
load,  but,  in  order  to  start  and  accelerate  the  empty  car  on  the 
down  trip,  is  obliged  to  leave  the  car  at  the  lowest  figure  500 
pounds,  probably  1,000  pounds  heavier,  so  that  the  duty  of  the 
screw  machine  is  2,50m,  or  3.000  pounds,  instead  of  1,000  pounds, 
for  the  drum  machine.  This  is  evidently  a  very  great  dis- 
advantage against  the  screw\  The  only  points  that  Mr.  Sprague 
brings  out  to  advance  his  claim  that  the  screw  machine  is  the 
only  one  that  is  tit  for  high  speed  are  that  it  has  a  limited  niotion,  and 
that  the  lead  of  the  ropes  is  always  in  the  same  line;  it  does  not 
shift  as  it  does  on  the  drum.  Now,  the  shifting  of  the  ropes  on 
the  drutn  is  practically  immaterial.     It  does  not  make  the  slight- 
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€8t  difference  whether  the  ropes  vary,  in  their  lead  in  150  feet, 
sonaethin^  like  two  feet,  or,  when  it  cornea  to  a  300  feet  building, 
whether  tliey  vary  something  like  four  feet.  The  limited  motion 
which  is  claimed  as  a  parallel  to  the  hydraulic  machine  is  incorrect. 
However,  there  is  practically  no  difference  whether  yon  consider 
a  drum  machine  or  Mr.  Sprague's  screw  machine.  Mr.  Sprague 
tells  U9  himself  that  it  is  impossible  to  suddenly  arrest  the  motion 
of  the  screw.  If  you  attempted  to  do  it,  something  would 
break.  There  is  so  much  power  contained  in  the  motor 
and  the  momentum  of  the  car  pulling  ahead,  that  it  would  be 
impossible  to  suddenly  arrest  the  motion.  Consequently  he 
must  cut  off  the  current  and  gradually  produce  friction,  and  in 
that  way  bring  the  car  to  rest.  In  its  general  features,  the  drum 
machine  has  the  same  arrest  of  motion.  Most  of  the  designs 
which  are  at  present  in  use  have  a  thread  cut  on  the  main  shaft  of 
the  drum,  with  a  traveling  nut.  It  sets  a  train  of  gears  in  motion 
and  cuts  the  current  off,  the  same  as  the  nut  does  in  Mr. 
Sprague's  machine,  and  puts  a  brake  or  some  other  arresting 
device  on.  So  that  the  difference  is  practically  only  one  in  de- 
sign; in  theory  it  is  exactly  the  same.  Where  the  great  differ- 
ence exists  that  makes  one  machine  fit  for  high  speed  service 
and  the  other  not,  I  fail  to  see. 

Mr.  H.  Ward  Leonard  : — I  occupy  rather  a  peculiar  posi- 
tion. I  do  not  think  that  the  hydraulic  machine  has  the  superi- 
ority over  the  electric  machine  which  has  been  claimed  for  it  by 
its  advocates.  Neither  do  I  think  that  the  type  of  electric  ele- 
vator which  Mr.  Sprague  has  described  to  us  has  the  adwantages 
which  he  has  claimed  for  it.  But  I  do  believe  that  the  electric 
elevator  in  its  best  form  has  advantages  over  both  the  types  that 
have  been  discussed.  The  hydraulic  elevator  has  many  features 
of  disadvantage,  which  I  think  Mr.  Sprague  has  put  very  forci- 
bly. The  Sprague  electric  elevator  has  a  great  many  disadvan- 
tages which  I  think  the  hydraulic  people  have  set  forth  very 
clearly.  The  desirable  features  for  an  electric  elevator  are  that 
it  shall  be  cheap  as  regards  first  installation  ;  that  it  shall  be 
cheap  as  regards  operation;  that  it  shall  be  possible  to  oper- 
ate it  at  quite  high  speed  under  satisfactory  control ;  that  it 
can  be  stopped  and  started  smoothly ;  that  it  can  make  a  })erfect 
landing ;  that  it  shall  be  quiet  in  operation  ;  that  it  shall  be  simple 
in  its  essential  parts ;  that  it  shall  be  clean,  which  is  one  of  the 
points  that  is  quite  a  factor  in  the  office  buildings  of  to-day,  and 
in  which  electric  elevators?  have  a  decided  advantage  over  hy- 
draulic elevators ;  that  it  shall  restore  useful  energy  in  stopping ; 
that  it  shall  require  but  a  small  amount  of  power  in  starting — 
that  is  to  say,  a  power  which  is  proportional  to  the  actual  work 
without  the  necessity  of  the  power  which  is  absorbed  and 
wasted  in  rheostats  or  any  other  starting  devices  of  similar  char- 
acter;— that  it  should  not  affect  electric  lights  which  are  con- 
nected to  the  same  source ;  that  it  should  require  but  a  slight  at- 
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tention  to  keep  it  in  perfect  order ;  that  its  cost,  due  to  deprecia- 
tion, slionld  be  small,  and  that  the  cot-t  of  power,  in  caae  power 
be  purchased  for  operating  it,  eliould  be  small. 

1  believe  that  elevators  running  on  my  system  of  operating 
elevators  have  these  features  to  a  more  marked  degree  than 
either  the  Sprague  elevator  or  the  hydraulic. 

A  statement  of  that  kind  carries  but  little  weight,  and  I  have 
not  authoritative  figures  to  substantiate  it.  But  in  case  any  per- 
son has  a  desire  to  mvestigate  whether  such  a  statement  has  any 
foundation  in  fact,  I  can  refer  them  to  the  last  installation,  which 
is  in  Fahey  Building,  in  Maiden  Lane,  where  three  elevators  of 
the  drum  type  are  installed,  and  where  we  have  no  difficulty  in  op- 
erating to  about  the  same  height  as  the  Postal  Telegraph  elevators. 
They  have  been  in  operation  about  thiee  months.  They  start 
with  a  much  smaller  amount  of  power  than  any  elevator  that 
starts  by  rheostatic  control  or  any  other  means.  They  do  restore 
energy  in  stopping.  They  are  perfectly  noiseless  in  operation. 
The  motion  is  perfectly  smooth  in  starting  and  stopping.  They 
make  a  perfect  landing.  The  machinery  is  perfectly  clean,  and 
the  speed  is  higher  than  the  speed  quoted  for  the  Postal  Tele- 
graph elevator. 

Mr.  Frakklin  S.  Holmes  : — I  have  watched  the  Sprague 
elevator  for  some  two  or  three  years  with  much  interest.  I  feel 
that  any  person  who  has  the  grit  to  build  a  machine  on  new  lines 
and  perfect  it  as  that  machine  has  been  perfected  is  entitled  to 
the  thanks  of  the  mechanical  community. 

But  there  seem  to  be  two  objections  to  the  operation  of  a 
motor  on  these  lines,  and,  indeed,  to  the  electric  elevator  as  it  is 
now  operated.  The  first  is  that  we  are  taking  a  motor  at  its 
weak  point.  We  take  a  motor  standing  still,  and  we  ask  it  to 
lift  a  load  at  a  speed  equal  to  400  feet  per  minute.  Now,  we 
know  well  enougn  that  tne  current  taken  by  a  motor  under  these 
conditions  is  twice  as  great  as  the  current  required  to  operate 
it  when  in  motion.  Any  machine  that  requires  two  or  three 
times  as  much  current  to  start  it  as  to  run  it,  simply  because,  or 
largely  because,  of  a  weakness  of  the  machine  itself,  is  funda- 
mentally wrong.  There  are  people  who  are  now  trying  to  make 
a  combination  between  the  hydraulic  and  the  electric  elevator 
thereby  avoiding  this  weakness  of  the  motor.  In  these  days 
when  pure  breed  is  valued  so  highly,  possibly  such  a  mongrel  as 
that  is  looked  upon  a  little  askance.  But  I  believe  that  along 
these  lines  we  shall,  with  direct  current — I  am  not  speaking 
now  of  alternating  current  apparatus — get  the  best  results  in 
elevator  service.  The  objection  which  is  peculiar  to  the  Sprague 
elevator,  it  seems  to  me,  is  that  it  does  not  allow  over-counter- 
weighting.  Mr.  Sprague  divided  elevator  work  into  two  parts, 
namely,  medium  service  and  high  duty  service,  and  he  claimed 
that  the  only   elevator  which  can   operate  successfully  on  high 
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duty  service  was  the  screw  elevator.  I  do  not  think  that  point 
was  established.  I  think  that  the  drum  can  be  made  serviceable 
for  high  duty  service.  The  Sprague  elevator  takes  about  200 
amperes  of  current,  I  believe,  to  start,  and  a  third  of  that,  about 
70  amperes  of  current,  to  run.  The  Otis  elevator  takea  about 
80  amperes  to  start  and  about  25  to  run.  Now,  I  have  been  on 
the  platform  of  an  elevator,  where  the  armature  was  turning 
constantly,  which  took  to  lift  three  men,  at  the  rate  of  150  feet 
a  minute,  30  amperes  to  start  and  20  amperes  to  run,  at  110  volts, 
which  means  5  norse-power  to  start  ana  3  horse-power  to  run. 
This  was  under  conditions  when  the  current  taken  to  come 
down  was  the  same  as  that  taken  to  go  up.  In  other  words, 
the  thing  was  perfectly  balanced.  But  that  is  the  advantage  you 
get  when  you  nave  an  armature  that  is  turning  constantly  in  one 
direction,  ^nd  is  one  thing  we  are  looking  for.  Such  a  machine 
will  be  commerical  before  a  great  while. 

Dr,  Hutchinson: — Mr.  Leonard  says  he  has  not  figures  to 
prove  some  statements  about  his  elevators.  If  Mr.  Leonard  will 
give  me  permission  to  quote  some  figures  that  I  have  knowledge 
of,  I  will  do  so. 

Mr.  Leonard  : — I  do  not  know  what  the  gentleman  refers  to. 
But  any  figures  he  has  he  is  at  liberty  to  state. 

Dr  Hutchinson: — I  refer  to  a  test  of  an  elevator  running  in 
the  Otis  factory,  when  you  were  present. 

Mr.  Leonard — Do  you  refer  to  the  apparatus  you  designed  9 

Db.  Hutchinson  : — No,  I  refer  to  the  apparatus  that  the  Oti? 
company  designed  and  use  in  their  factory. 

Mr.  Leonard  : — 1  was  never  present  at  any  test  where  you 
were  present  except  of  an  apparatus  you  designed. 

Dr.  Hutchinson: — I  beg  your  pardon  ;  we  ran  a  test  in  their 
factory  on  their  motors. 

Mr.  Ihlder  : — I  think  we  made  a  few  tests.  Possibly  I  have 
the  records  in  my  test  books,  and  they  are  at  your  service. 

Dr.  Hutchinson  : — 1  do  not  want  to  give  the  figures  without 
Mr.  Leonard's  permission. 

Mr.  Leonard: — I  am  perfectly  willing  that  they  shoul<l  be 
given,  with  the  explanation  that  they  are  not  of  the  kind  of 
plant  that  I  mentioned  when  I  spoke. 

Mr.  Ihlder: — The  figures  talcen  there  were  from  a  dynamo 
driven  by  a  motor,  and  then  the  dynnmo  drove  the  elevator  mo- 
tor; the  plant  which  Mr.  Leonard  refers  to  has  a  dynamo  driven 
by  a  steam  engine.     It  leaves  out  the  motor. 

Dr.  Hutchinson: — Precisely;  the  steam  engine  takes  the 
place  of  the  first  motor. 

Mb.  Ihlder: — The  steam  engine  takes  the  place  of  the  motor. 
Those  tests  were  made  some  time  ago  by  students  of  the  Stevens 
Institute,  who  will  publish  them  in  the  near  future. 

Db.  Hutchinson: — I  am  simply  referring  to  tests  that  you 
were  present  at. 
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Mb.  Ihldbk  : — If  you  have  any,  they  are  entirely  at  your 
service. 

Dr.  Hutchinson  : — It  is  merely  a  question  of  the  current  re- 
quired to  run  the  intermediate  dynamo  and  motor  constantly, 
whether  the  elevator  is  moving  or  not.  This  work  was  done 
under  your  direction,  and  I  shall  not  quote  it  except  by  your 
permission. 

Mr.  Leonard  : — With  the  explanation  I  have  made,  you  can 
give  any  figures  you  want  to. 

Dr.  Hutchinson  : — The  readings  I  am  about  to  give  were 
made  on  a  slow  speed  drum  freight  elevator  in  the  Otis  factory. 
The  car  was  driven  by  a  motor  of  about  15  horse-power,  to 
which  current  was  supplied  by  a  dynamo,  which  in  turn  was 
combined  with  and  driven  by  another  motor,  supplied  with  cur- 
rent from  the  building  circuit.  The  strength  of  the  Held  of  the 
dynamo,  and  consequently  its  voltage,  was  varied  by  rheostat,  con- 
trolled by  the  operator  on  the  car.  The  first  motor  and  dynamo  ran 
continuously  during  the  hours  of  service  of  the  elevator.  In 
stopping,  the  elevator  motor  drives  the  dynamo  as  a  motor, 
which  in  turn  causes  the  first  motor  to  act  as  a  dynamo,  thus  re- 
turning current  to  the  line 

The  readings  were  as  follows : — 

Current  goiug  up 20  amperes. 

Current  coming  down 40  amperes. 

Starting  current  80  amperes. 

Current  when  car  was  stationary 16  amperes. 

Current  returned  to  line  in  stopping,  depending  upon 
the  suddenness  of  the  stop,  from  2U  to  60  amperes. 

The  average  of  the  up  and  down  current  was  30  amperes. 
Of  this,  16  ampei'es  is  required  for  the  dynamotor.  That  is  to 
say,  over  50  per  cent,  of  average  power  expended  on  the  car  is 
used  in  the  controlling  device.  The  actual  running  time  of  such 
a  car  is  about  one-fifth  of  its  nominal  operating  time.  With  an 
elevator  service  of  ten  hours,  IHO  ampere  hours  would  then  be 
required  for  the  dynamotor,  and  28  ampere  hours  for  moving 
the  car.  That  is  to  say,  of  the  total  energy  expended,  only  15 
per  cent,  goes  to  useful  work,  the  balance  being  wasted  in  the 
dynamotor. 

When  a  steam  engine  is  substituted  for  the  first  motor,  the 
case  is  worse,  since  a  motor  is  a  much  niore  proficient  piece  of 
machinery  on  light  loads  than  an  engine. 

Mr.  Ihlder: — I  believe  it  is  hardly  fair  to  Mr.  Leonard  that 
this  plant,  which  was  run  experimentally,  should  be  quoted  as 
giving  exact  figures. 

It  was  a  motor  generator  combination  running  3,000  revolu- 
tions, which  was  put  together  by  me  out  of  machines  which  we 
happened  to  have  m  stock,  in  order  to  demonstrate  that  a  speed  of 
3,000  rev^ohitions  was  not  desirable  for  elevator  service.    So  thev  do 
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not  show  really  any  economy ;  they  were  not  eoniinercial  ma- 
chines. 

Mb.  Spbaoub  : — Let  ns  examine  some  of  the  statements  which 
have  been  made.     There  have  been  six  speakers. 

Dr.  Hutchinson  has  given  some  interesting  figures  tearing  on 
the  kilowatt  hour  expenditure  per  car  mile  of  travel  on  the 
Postal  plant  between  certain  hours.  Thet^e  are  interesting ;  but 
I  think  his  conclusion  that  the  average  result  would  not  oe  ma- 
terially changed  had  the  record  been  continued  for  a  longer  pe- 
riod of  time  is  in  error,  as  I  will  show  later  by  some  records  of 
several  thousand  trips. 

Mr.  Hill  has  reproduced  a  good  portion  of  my  paper.  I  will 
later  correct  a  number  of  his  statements — some  I  snail  ignore. 

Another  speaker,  being  somewhat  timorous  concerning  electric 
elevators,  advocates  a  mugwump  system,  a  combination  elec- 
tric and  hydraulic,  having  few  of  the  cood  and  most  of  the 
bad  points  of  both.  It  might  be  pointed  out  that  the  ordinary 
motor  pump  and  hydraulic  elevator  is  such  a  system,  but  this  is 
probably  not  the  specific  device  which  he  has  in  mind. 

Anotner  sees  great  beauties  in  a  type  of  machine  which  I  am 
building,  likewise  the  company  which  he  represents,  and  exhib- 
its a  strange  incapacity  to  determine  differences  between  screw  and 
drum  machines  which  ought  to  be  clearly  manifest  to  any  mechani- 
cal or  electrical  engineer. 

Then  again  we  have  here  the  representative  of  the  continuous 
operating  system,  whose  advocate,  contrary  to  one  of  his  prede- 
cessors, believes  in  the  supremacy  of  the  electric  elevator,  so  long 
as  it  is  the  particular  type  which  he  advocates. 

Now,  all  these  speakers  are  entitled,  of  course,  to  their  respec- 
tive views.     It  is  true  they  are  somewhat  contradictory. 

I  will  give  a  few  facts  now,  and  since  the  Postal  Telegraph 
Building  has  been  especially  considered,  I  will  take  that  nlant. 

First,  I  will  state  tnat  there  need  be  no  mystery  about  tlie  coal 
consumption.  I  have  in  my  hand  the  operating  log-book  handed 
me  to-day  by  courtesy  of  the  attorney  of  the  building.  The  coal 
burned  for  all  purposes  from  June,  1894,  to  December,  1895, 
averaged  6^  net  tons  instead  of  7f .  This  is  the  oflScial  record, 
and  not  one  quoted  without  authority. 

The  comparison  of  other  buildings  mentioned  with  the  Postal 
is  of  little  moment  unless  it  takes  into  account  the  real  duty  per- 
formed, and  just  here  1  will  point  out  the  fact  that  it  is  a  contin- 
uous service  building,  and  more  so  than  any  other  oflice  building 
in  the  United  States,  except  the  Western  Union,  which  gets  a 
part  or  the  whole  of  its  steam  supply  from  the  street  mains. 

A  cubic  contents  unit  comparison  is  simply  misleading.  The 
lighting  of  the  Postal  alone  is  a  large  factor,  and  although  there 
are  three  dynamos,  each  rated  at  72  kilowatts,  for  the  lighting, 
telegraph  and  ventilation,  recourse  is  had  sometimes  to  the  street 
for  the  telegraph  supply. 
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Averaged  for  six  months,  January  to  July,  1895,  the  engineer's 
record  shows  an  average  for  the  above  service  for  24  hours,  and 
for  every  day,  of  3)6  amperes  at  115  volts, or  982 kilowatt  houra 
per  day,  and  to  give  an  idea  of  how  steadily  this  demand  holds 
up  at  different  seasons  we  may  note  the  hourly  averages  for  each 
month  as  follows : 

January 387  amperes. 

FebruaVv 370 

March./ 368 

April 848 

May 338 

June 835 

July 345 

Average 356  amperes. 

As  distinguished  from  the  other  buildings  mentioned,  the  Pos- 
tal has  in  addition  to  the  continuous  lighting  service,  and  an  ac- 
tual, not  janitor,  nightelevatorservice,  aclub  and  kitchen  supply, 
and  a  telegraph  and  a  pneumatic  dispatch  service. 

If  the  wnole  building,  except  heatmg,  was  supplied  from  a  cen- 
tral station,  the  demands  would  be  about  as  follows : 

Lighting  and  ventilation.   .....  808  k.  w.  hours,  or  about  52  per  cent. 

Telegraph     174  *'  **  11 

Passenger  elevators 350  *♦  "  23 

Water  pumping 25  "  "2 

Miscellaneous 180  "  *'  12 


1537  lOO  per  cent. 

These  figures  should  speak  for  themselves.  Since  the  plant  is 
actually  run  locally  on  6^  net  tons  of  coal,  then,  assuming  the  coal 
distribution  to  be  charged  as  per  above  percentages,  1.43  tons 
should  be  charged  against  elevatoiis  for  each  24  hours,  and  it  does 
its  proportionate  duty  in  heating. 

It  is,  of  course,  difficult  in  a  building  which  is  always  in  use  to 
make  elaborate  tests,  but  the  following  are  submitted  in  addition 
to  the  above  record : 

The  first  is  a  coal  record  for  the  period  beginning  October 
28th,  1894,  and  was  made  by  Mr.  Mackay's  representative.  The 
time  was  divided  into  three  weekly  parts.  In  the  first  week  the 
entire  service  was  supplied  locally,  in  the  second  week  the  ele- 
vator service  was  supplied  from  the  street,  and  the  third  week 
the  entire  service  was  again  local. 

Coal  was  measured  by  the  number  of  loads  of  2100  pounds 
each,  and  was  as  follows : 

First  week,  45  loads,  local  supplv  94; 500  lbs. 

Third  week,  48      "        **        **    ' 100,H00 

Mean,  first  and  third  weeks,  local  supply 97,650 

Second  week.  43  loads,  street  supply 90,300 

Average  difference,  one  week,  with  and  without  local 

supply  of  elevator  power  7,350 

or  1050  pounds  per  day  of  24  hours. 
Maximum  difference,  one  week,  with  and  without  local 

supply  of  elevator  power 10,500 

or  1500  pounds  per  day  of  24  hours 
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The  actual  maximum  record  is  about  50^  of  our  estimate  for 
the  elevator  service  independently,  that  is,  of  1.43  tons. 
This  is  probably  in  part  because  some  live  steam  was  used  for 
heating  the  building,  and  because  the  boiler  efficiency  on  a  re- 
duced power  is  a  little  less  than  when  the  elevators  are  running. 
It  is  interesting  to  compare  this  with  the  stateirent  which  was 
made  by  the  Sprague  Company  as  to  what  would  be  required  in 
the  matter  of  steam  over  and  above  the  remaining  service  of  a 
building  in  case  electric  elevators  are  used  instead  of  hydraulics. 
There  was  made  during  the  second  week,  IMovember  3rd  to  No- 
vember 12th,  when  the  elevators  were  run  from  the  street,  10,196 
trips,  a  total  travel  of  over  600  miles. 

Our  estimate  was  that  the  water  evaporation  would  not  exceed 
250  pounds  of  water  per  car  mile  of  travel.  Six  hundred  miles 
would  require  an  evaporation  of  not  exceeding  150,000  pounds 
of  water,  or  an  average  of  21,430  pounds  per  day.  At 
eight  pounds  of  water  per  pound  of  coal,  wliich  is  a  con- 
servative rating  of  average  boiler  duty,  this  would  be  2,680 
pounds  of  coal  per  day  as  the  maximum  for  this  duty.  Take  an- 
other record,  that  of  the  Edison  meter,  for  this  same  period  from 
November  3d  to  12th.  This  shows  3,i08  h.  p.  hours  charged. 
For  600  miles  this  would  be  almost  exactly  5  h.  p.  hours  per  car 
mile  of  travel,  or  3.80  kilowatt  hours. 

I  see  no  reason  to  change  my  statement  that  on  more  modem 
plants  the  expenditure,  averaged  for  all  classes  of  service,  will, 
with  the  average  size  of  car,  not  exceed  3^  kilowatt  hours  per 
car  mile. 

On  the  night  of  November  22d,  1895,  a  test  (to  which  expert 
engineers  were  invited),  was  made  under  the  following  condi- 
tions, in  the  presence  of  about  twenty  people : 

All  electric  service,  except  elevators,  shifted  to  street  con- 
nection. 

One  boiler  only  left  connected — B.  &  W. 

All  piping  left  in  connection  up  to  the  engine  and  pump  throt- 
tles. 

Steam  supplied  to  elevator  engine,  boiler  and  house  pumps, 
and  main  pneumatic  pump. 

House  pump  prevented  reliable  use  of  water  meter,  but  coal 
was  accurately  weighed,  and  nearly  2,000  electrical  readings  and 
the  mileage  of  elevators  were  taken.  One  elevator  was  run  on 
regular  service,  and  five  were  run  with  650  lbs.  load  (more  than 
the  average). 

Boiler  pressure 1 12  lbs. 

Engine  pressure ...  1 10    " 

Pressure  should  have  been 125 

Exhaust  into  heating  ap(>aratus. 

Westinghouse  direct  equipment  used. 
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Result  : 

Duration  of  test,  9.30  p.m.  to  12.40  a.m.,  8  hours,  10  minutes. 

Number  of  round  trips  of  165  feet  rise 744 

Total  mileage 46^  miles. 

Total  coal  burned 1163    lbs. 

Less  10  per  cent,  for  pneumatic  and  house  service 116    " 

Net  coal  for  elevator  engine 1047    lbs. 

Coal  per  hour 83 1      " 

Hourly  mileage 14| 

Coal  per  car  mile 2*4^  lbs. 

Average  kilowatts 64^ ' 

Kilowatt  hours  per  car  mile 3.77 

Water  at  8  to  1  evaporation  per  car  mile IS**  lbs. 

*'     at  9  to  1  per  car  mile 204    " 

*'     at  50  lbs.  per  kilowatt  hour  per  car  mile 188i  ** 

Average  indicated  h.  p.  of  engine 82 

H.  p.  per  car  mile  of  travel 6 


tt  •( 


It  will  be  noted  that  the  electrical  expenditures  per  car  mile 
of  travel  taken  under  actual  service  conditions  for  our  work  in 
1894  and  that  just  given  under  a  test  at  fixed  average  load  are 
almost  identical. 

Let  us  take  another  record,  one  interesting  also  because  of  the 
diversity  of  opinion  as  to  the  average  live  load.  One  says  it  i» 
one-half,  another  one-fifth.  Which  is  right?  I  have  in  uiv  hand 
the  record  of  328  trips,  in  which  every  man,  woman  an(f  child 
that  got  into  or  out  of  two  e>ars  in  a  ten-story  building,  the  Board 
of  Trade  of  Chicago,  was  taken.  I  submit  for  record  three 
sheets  taken  at  random.     (8ee  pp  59,  60,  61). 

The  whole  record  is  so  long  that  I  have  not  had  time  to  average 
it,  but  it  will  bear  out  the  statement  which  I  have  frequently  maae^ 
that  the  average  live  load  in  a  car  does  not  usually  exceed  one- 
fifth  of  the  normal  maximum  live  load.  In  other  words,  if 
the  car  is  mted  at  2,500  pounds  the  average  will  not  exceed  500 
or  600.  The  meter  record  was  taken  of  this  same  plant  for  the 
trips  made,  and  shows  an  average  of  4.1  kilowatt  hours  per  car 
mile, — something  over  the  Postal.  Their  cars  are  larger  and 
heavier,  and  my  guarantee  was  4  kilowatts.  I^ater  it  will  run 
under  the  guarantee. 

The  Minneapolis  plant  I  have  never  seen.  The  storage  battery 
is  being  used  because  those  locally  in  charge,  at  a  time  when  I 
had  nothing  whatever  to  do  with  the  installation  of  the  plant, 
concluded  that  they  would  install  a  battery  so  that  at  certain 
hours  of  the  day  they  could  run  their  lighting  and  elevator  ser- 
vice from  one  engine  and  the  battery.  I  presume  that  is  what 
they  are  going  to  do.  The  statement  is  made,— apparently  got- 
ten from  newspaper  clippings,  that  the  machines  at  this  plant  are 
not  up  to  guarantee.  The  test  showed  an  apparent  efficiency  of 
56  per  cent.,  not  51  per  cent.,  but  it  is  probable  that  there  was 
an  error  in  the  net  weights  reported,  or  some  of  the  ])arts  or  the 
guides  or  sheaves  may  have  been  running  hard,  for  they  should 
have  shown  al)out  62  per  cent.     But  this  is  not  very  important 
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at  the  present  junctare,  for  I  hold  in  my  hand  the  full  copy  of 
Prof.  Shepardson's  report,  and  I  quote  verbatim  the  closing  para- 
graph as  follows: 

"  The  meter  was  put  in  circuit  Wednesday  evening,  January 
"  Ist,  1896,  at  6  p.m.  Readings  were  taken  each  day  at  Ihe  same 
"hour.  At  6  PH.  Saturday,  January  18,  189fi,  the  meter 
"  showed  that  1129.2  kilowatt  hours  had  been  used  by  the  three 
'*  elevators  in  seventeen  days.  At  the  same  rate,  1094  kilowatt 
"  hours  would  be  used  in  a  month  of  thirty  days.  At  the  regular 
"  motor  rate  of  74  cents  per  kilowatt  hour  chained  by  the  Minne- 
"  apolis  General  Electric  Company,  this  would  come  to  $149.60 
"  per  month.  The  discount  of  35  per  cent,  for  monthly  bills  be- 
"  tween  $100  and  $150  would  reduce  this  to  $97.17  per  month 
"  for  the  three  elevators  for  one  month,  or  about  $1,08  per  ele- 
"  vator  per  day.  This  remarkably  low  cost  of  power  actually 
'*  need,  shows  the  wisdom  of  your  board  in  adopting  electnc 
"  power  for  your  elevators." 

The  plant  is  to  be  extended. 

The  Chicago  Board  of  Trade  plant  is  under  the  supervision  of 
Mr.  B.  J.  Arnold,  a  member  oi  this  Ikotitotb.  The  storage 
battery  will  be  put  in  there  because  Mr.  Arnold  made  the  state- 
ment to  this  Board  of  Directors  that  with  a  single  engine  driving 
a  75  kilowatt  dynamo  he  could  run  the  four  large  elevators,  a 
number  of  ventilating  motors,  and  lights,  both  arc  and  incandes- 
cent, for  a  certain  number  of  hours,  and  after  that  run  entirely 
from  the  storage  battery.  It  is  not  my  province  to  criticise  this 
plan  or  conclusion. 

At  my  own  works,  I  am  about  trying  a  storage  battery,  but  not 
becanse  we  are  in  any  danger  of  breaking  down,  especially  as 
we  have  a  duplicate  equipment,  but  because  I  wish  the  facts. 
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Ground  for  criticism  has  been  sought  in  the  fact  that  the  Postal 
has  a  street  connection.  That  is  a  very  sensible  practice.  They 
happen  to  have  a  good  many  motor  converters  which  required 
absolute  certainty  of  delivery  of  current  for  twenty-four  nours 
for  their  telegmph  service.  Electric  elevators  at  one  time  were 
not  looked  upon  with  general  confidence,  and  there  was  oppor- 
tunity for  serious  delays  and  troubles  in  starting  so  new  a  plant. 
Then,  too,  they  wisliea  to  know  if  perchance  it  might  be  more 
economical  to  run  from  the  street  than  from  their  own  plant 
and  as  a  wise  provision,  which  people,  under  those  circumstances 
would  naturally  make — it  is  now  some  two  and  a  half  years  ago 
— they  put  in  break-down  switches  connected  to  both  the  240 
and  120-volt  circuits.     I  think  that  was  an  ordinary  precaution. 

A  passing  comment  upon  the  report  of  the  Edison  company 
is  not  out  of  place.  The  screw  machines,  which  are  the  specially 
characteristic  machines  built  by  the  Sprague  company,  are  gen- 
erally operated  from  large  isolated  plants  and  not  from  the  street, 
because  individual  elevator  and  light  duty  service  has  not  been 
sought  by  it.  That,  of  course,  anyone  can  do  without  trouble 
My  aim  has  been  to  surpass  the  hydraulic  service  in  its  highest 
type,  which  is  almost  invariably  operated  by  private  plants. 

Witli  regard  to  the  criticism  that  it  takes  more  current  to 
start  a  gravity  machine  than  an  over-balanced  machine,  that  goes 
without  saying,  but  the  reasons  for  using  gravity  control  on  the 
screw  type  of  machine  will  be  set  forth  later  with  reasonable 
fullness. 

The  statement  that  it  requires  W0%  or  300^  more  to  start  a 
machine  than  to  run  it  will  not  stand  present  investigation.  In 
past  work,  there  have  been  times  when  there  has  been  from  100^ 
to  200^  excess  of  current  used  momentanly,  not  because  the  ma- 
chine required  that  to  start  it,  but  because  the  resistance  has  been 
cut  out  of  the  circuit  at  a  rate  in  excess  of  the  building  up  of 
counter  electromotive  force.  That  objection  has  been  done 
away  with,  and  with  the  small  amount  of  static  friction  it  is  pos- 
sible to  start  a  screw  machine  with  a  very  small  percentage  above 
the  actual  running  current,  this  depending  upon  the  amount  of 
counter- weigh  ting  carried,  the  speed  at  which  a  car  is  intended 
to  be  run,  the  load  carried,  and  the  rate  of  acceleration. 

It  is  now  perfectly  possible  automatically  to  control  this  start- 
ing current  so  that  it  will  not  be  over  25^  or  b{)%  or  any  other 
percentage  above  the  running  current,  and  this  method  oi  opera- 
tion does  not  interfere  with  tlie  lights  on  a  large  central-station 
circuit. 

We  have  gone  so  far  even  as  to  now  run  elevators  during  a 

food  portion  of  the  day  on  the  same  engine  as  the  lights  of  the 
uilding,  as  in  the  Hotel  Walton,  Philadelphia,  and  this  practice 
will  grow  rather  than  decrease,  because  of  certain  features  which 
it  is  my  privilege  to  introduce.  I  state  without  reservation  that 
such  potential  variations  as  are  given  for  the  Postal  plant  do  not 
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occur,  nor  cau  they  occur,  except  under  the  most  abnormal  con- 
ditions and  with  engines  and  dynamos  of  the  poorest  character. 
Mr.  Hill  quote*  my  statement  that  '•  measured  by  standard 
"  practice,  a  given  number  of  pounds  of  energy  can  be  delivered 
"  to  the  controlling  apparatus  of  an  electric  elevator  for  less 
"  pounds  of  steam,  that  is,  water  evaporated,  through  the  medium 
"  of  no  less  than  tif ty  combinations  of  engines  and  dynamos  than 
**  can  be  delivered  to  the  valves  of  anv  hvdraulic  cvlinder  throuffh 
*'  the  standard  pumps  permissible  in  average  elevator  practice," 
and  indulges  in  a  curious  mathematical  flight  wherein  lie  gets 
lost  in  combinations  and  permutations.  lie  says  that  this  is  a 
fair  sample  of  the  accuracy  of  the  statements  contained  in  my 

Sper.  1  am  glad  to  hear  that  frank  acknowledgment,  and  it  is 
ir  to  say  that  his  criticism  of  it  may  be  taken  as  the  measure  of 
his  criticism  of  the  balance.  It  would  seem  that  my  original 
statement  was  quite  clear.  Put  in  a  different  form,  it  is  simply 
saying  that  there  are  no  less  than  six  or  seven  standard  dynamos, 
and  not  less  than  seven  or  eight  excellent  engines,  any  one  of 
which  dynamos  and  engines  can  be  employed,  and  by  this  com- 
bination energy  can  be  created  as  stated. 

Mr.  Hill  distorts  this  statement  into  the  absolutely  absurd  con- 
ception that  there  uiay  be  tifty  trari^formatUyiiH  of  energy,  and 
that  a  high  percentage  of  return  can  still  be  obtained. 

Now,  as  regards  automatic  control,  I  repeat,  that  in  a  hydraulic 
system  the  character  of  automatic  control  used  on  my  electric 
elevators  as  it  is  practiced,  is  not  feasible  where  a  mechanical 
operating  pilot  exists,  and  if  any  device  is  a])plied  to  the  pilot 
Valves  of  the  hydraulic  elevator,  to  be  effective  in  this  way,  it 
must  be  electric.  Its  use  requires  the  operator  to  keep  his  hand 
on  the  lever  under  all  conditions  of  car  movement,  and  operates 
to  cut  the  current  off  instantly  in  hoisting,  or  to  bring  the  car  to 
a  prompt  stop  in  lowering,  in  case  the  operator  is  negligent  or  is 

Eushed  away  from  his  lever,  or  in  case  any  accident  happens  to 
im.  This  control  is  not  on  other  makes  of  machines  of  any 
kind  or  description,  and  in  case  of  an  emergency  it  is  of  the  most 
vital  character. 

It  is  odd  that  some  of  the  speakers  have  fallen  into  the  mistake 
of  assuming  that  we  do  not  know  exactly  what  our  machines  are 
doing,  or  what,  with  the  improvements  we  are  introducing,  they 
can  do.  Thev  also  differ  somewhat  ajs  to  the  relative  costs  of 
electric  and  hvdraulic  plants.  My  statement  is  entirely  sound, 
that,  measured  by  the  prices  which  have  obtained  in  this  city  for 
lirst-class  hydraulic  elevator  plants,  the  electric  equipments  have 
been  the  less  expensive  plants  to  install,  and  even  with  the  in- 
crease of  generating  plant  are  not  necessarily  more  costly. 

Generally  speaking,  on  large  loads  the  total  efficiency  of  a 
screw  machine  will  vary  from  ()0  to  H8  j)er  cent.,  and  on  a  drum 
machine  from  40  to  68  per  cent. 

The  best  practice  of  governing  over-balanced  drum  machines  is 
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the  use  of  a  rheostat  in  the  armature  circuit  up  to  one-half 
speed,  and  then  the  weakening  of  the  field,  exactly  as  1  did  on 
the  elevated  railroads  some  ten  years  ago. 

I  am  not  proceeding  in  ignorance  of  the  physical  laws 
covering  the  operation  of  electrical  machinery.  I  try  to 
meet  all  the  conditions  which  arise  in  elevator  service, 
not  simply  selected  ones, — and  no  man  in  dealing 
with  human  life  is  justified  in  ignoring  the  abnormal  con- 
ditions which  may  arise, — the  failure  of  current,  of  a  brake, 
a  cutoff,  breaking  of  a  shunt  field  wire,  slipping  of  a  brake, 
running  away  of  the  machine,  or  the  carelessness  or  ignorance 
of  an  engineer  or  an  operator.  All  machinery,  we  may  say, 
when  operating  normally  operates  with  safety.  What  we  are 
more  concerned  about  is  what  will  happen  when  conditions  in 
an  emergency  are  abnormal. 

I  have  no  apology  to  make  for  my  strictures  upon  the  drum 
machine,  no  matter  by  whom  made.  I  say  that  up  to  certain 
speeds,  and  under  certain  conditions,  it  is  the  proper  machine  to 
use.  Under  certain  other  conditions  and  more  extreme  speeds  it 
absolutely  is  not  the  proper  machine,  and  I  say  further  tnat  any 
machine  which  has  not  got  the  power  of  self-excitation  in  case  of 
emergency  should  not  be  tolerated  on  serious  passenger  work. 
I  want  to  emphasize  this  fact  just  as  plainly  as  1  know  how. 

It  is  curious  to  hear  the  claim  that  a  drum  and  a  screw  ma- 
chine are  practically  the  same,  and  it  can  only  be  accounted  for 
by  either  a  wilful  disregard  of  facts,  or  because  of  ignorance  of 
the  essential  principles  of  construction  and  control.  I  shall  try 
to  make  the  differences  clear.  There  have  been  in  the  past  two 
forms  of  hoisting  machines, — one  the  steam  worm  ffear  drum 
elevator,  the  other  the  hydraulic,  either  vertical  or  horizontal. 
The  hydraulic  has  had  the  preference  over  the  drum  machine  in 
the  matter  of  first-class  service,  and  in  point  of  safety. 

Electric  elevators  are  likewise  of  two  types,  the  first  being  the 
drum — that  is,  the  absolute  counterpart  of  the  steam  drum  ma- 
chine, subject  to  its  limitations  and  modified  by  the  replacement 
of  a  steam  engine  bv  an  electric  motor.  The  second  is  the  elec^ 
trie  counterpart  of  the  hydraulic  macine,  having  all  its  ''safeties," 
and  something  more  than  its  safety.  As  I  have  stated,  I  build 
both  types  of  machines,  l)ut  I  classify  the  duty  to  which,  accord- 
ing to  my  judgment  and  experience,  and  that  of  engineers  in 
general,  they  should  be  applied. 

The  drum  machine  is  always  subordinated  in  the  class  of  work 
to  which  it  is  applied.  It  is  not  deemed  by  hydraulic  com- 
panies nor  by  myself,  the  equivalent  of  the  hydraulic  elevator 
for  first-class  service,  although  the  drum  machine  I  am  building 
has,  for  example,  six  times  tlie  gear  surface  under  pressure  ox 
many  machines.  Its  strength  and  efficiency  in  this  way  are  ma- 
terially increased.  It  has  not,  however,  the  elements  of  abso- 
lute safety  which  characterize  the  screw  machine,  and  which  will 
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relegate  the  hydraulic  elevator  to  a  subordinate  position.  In 
general : 

The  drum  machine  corresponds  to  the  steam  drum  machine, 
long  since  given  the  second  place. 

The  screw  machine  corresponds  to  the  very  best  type  of  hy- 
draulic elevator. 

There  are  detail  points  of  differences  on  these  two  types  of 
macliine, — differences  which  I  consider  absolutely  essential  oft 
first-class  passenger  service : 

1.  The  screw  machine  has  absolute  limits  of  travel. 

The  drum  machine,  on  account  of  the  endless  character  of  it» 
mechanical  movement,  has  no  fixed  limits  of  travel. 

It  is  therefore  impossible  to  drive  a  screw  machine  into  the 
overhead  timbers,  or  send  it  into  the  basement  by  failure  of  the 
cut-off  and  brake.  This  has  never  happened  to  a  screw  machine. 
It  can,  and  has  happened  to  a  drum  machine. 

2.  The  screw  machine  not  only  has  the  normal  cut-offs  and 
brakes,  but,  on  the  up  movement,  the  mechanical  part  absolutely 
dislocates  in  case  the  cut-off  fails  to  work,  and  it  has,  at  the  lower 
end.  a  buffer  nut,  which  will  stop  a  car  going  600  feet  a  minute 
without  danger,  in  case  every  automatic  should  absolutely  fail. 

The  drum  machine  does  not  have,  and  cannot  have,  either  one 
of  these  mechanical  limit  automatics. 

3.  The  method  of  control  on  the  screw  machine  makes  it  self- 
exciting,  both  in  normal  operation  at  its  lower  limit  and  in  the 
event  of  failure  of  the  main  current. 

The  drum  machine  control  generally  adopted,  that  is,  where 
over-balanced,  is  such  that  the  machine  cannot  be  self-exciting. 

The  power  of  self-excitation,  the  impossibility  of  demagnetiz- 
ing the  machine,  and  the  fact  that  the  current  in  the  machine  is 
never  reversed,  are  essentials  in  the  matter  of  safety  under  cer- 
tain conditions  of  failure  of  current  and  brake,  because  the  ma- 
chine develops  automatically  a  dynamic-brake  of  the  most  pow- 
erful character. 

4.  At  least  four  hoisting  ropes  are  used  on  a  screw  machine^ 
and  from  five  to  six  car  and  counter-weight  ropes.  The  ropes  at 
the  hoisting  machine  have  fixed  leads,  and  are  equalized  on  each 
side.  The  ropes  on  the  car  pass  over  one  set  of  overhead  sheaves, 
and  each  rope  has  equal  duty  under  all  conditions. 

On  a  drum  machine  it  is  difticult  to  use  more  than  two  hoisting 
ropes,  or  at  best  three.  They  cannot  be  equalized  at  the  machine. 
They  have  a  shifting  lead,  and  under  certain  conditions  they  are 
apt  to  jump  the  grooves.  If  the  cars  go  to  the  basement,  the 
back  counter- weignt  ropes  which  must  be  there  used  are  "  broken- 
backed."  There  are  three  sets  of  overhead  sheaves,  and  three 
different  sets  of  ropes  under  unequal  dutv. 

6.  In  addition  to  the  "  safeties"  which  characterize  hydraulic 
chines,  the  screw  machines  carry  a  "  centrifugal  automatic "  at 
the  machine  which  prevents  intentional  racing  of  the  car  by  a 
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careless  operator,  and  can,  if  desired,  make  tlie  machine  a  self- 
exciting  dynamo  on  a  closed  circuit. 

6.  Tne  screw  machine  can  be  built  for  any  desired  load  or 
speed,  for  it  is  impossible  to  drive  it  past  its  automatics  more  than 
a  fixed  distance.  It  works  on  the  gravity  principle,  precisely  as 
the  hydraulic  does,  and  on  that  account  has  certain  safeties  not 
applicable  to  any  other  machine. 

The  drum  machine  should  not  be  built  for  speeds  higher  than 
300,'  because  it  has  a  carrying-by  power  on  account  of  the  greater 
masses  in  motion,  rapidly  increasing  with  speed,  which  render  it 
liable  to  run  into  the  overhead  sheaves  or  into  the  basement  in 
case  of  failure  of  cut  oflF  at  a  critical  moment. 

I  hope  I  have  made  clear  the  diflFerences  in  the  two  types  of 
machines.  Practical  experience  conlirms  my  impression  as  to 
the  importance  of  these  essentials. 

The  tangible  fact  remains  that,  although  electric  elevators  have 
been  used  for  twelve  years, — I  put  in  one  in  the  Pemberton  Mills, 
Lawrence,  Mass.,  in  1884, — it  was  not  until  the  screw  machine 
was  developed  that  the  hydraulic  system  was  brought  face  to  face 
with  a  real  competitor.     Its  makers  recognize  that  fact  now. 

Much  has  7iot  been  said  by  those  who  nave  been  speaking  upon 
the  subject  of  hydraulic  elevators,  so  I  will  make  reference  to 
two  plants.  The  first  is  that  of  the  Masonic  Temple  Building 
of  Chicago,  and  it  is  interesting  to  note  the  opinion  of  the  Chief 
Engineer  of  the  Crane  company,  who,  on  the  iOth  of  May,  1895, 
sent  a  report  to  the  Vice-President  of  the  Cmne  company,  from 
which  I  quote  verbatim  as  follows : 

"  Dkar  Sir  : — 

"  Below  you  will  iind  data  as  to  the  Hale  elevators  and 
"  Worthington  pumps  as  now  operated  in  the  Masonic  Temple 
*'  Building,  this  city. 

"  The  conditions  under  which  the  observations  were  made  were 
"  those  in  every  day  practice,  no  notice  of  preparation  being  given 
"  that  such  observations  w^ere  to  be  made. 

"  The  observations  began  at  7  a.  m.,  May  8th,  and  continued 
"  uninterruptedly  until  12.10  a.  m..  May  9th,  so  as  to  take  in  one 
"  complete  day's  service  of  the  elevator  plant. 

"  Registers  were  placed  upon  the  pumps  so  as  to  record  each 
*'  stroke  made,  and  watch  was  kept  upon  the  elevators  and  the 
"trips  made  by  all  of  the  elevators  during  the  day  were  noted. 
^*  The  notes  and  figures  give  me  the  following  results : 

"The  elevators  consumed  r»12,lt»()  gallons  of  water,  and  the 
*'  pumps  delivered  1,469,722  gallons  in  the  same  time,  showing  a 
"  discrepancy  between  the  gallons  of  water  supposed  to  be  deuv- 
"  ered  by  the  pumps  and  the  amount  of  water  actually  displaced 
"  by  the  movement  of  the  elevator  pistons  of  59^.  In  other 
**  words,  without  taking  into  consideration  whether  the  pumps 
"  are  the  best  that  could  be  used  for  the  purpose,  or  whether  the 
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"  elevators  are  the  best  that  could  be  used,  these  figures  establish 
"  the  fact  that  more  than  one-half  of  the  coal  now  burned  is  ab- 
"solutely  thrown  away  and  is  burned  for  no  useful  purpose 
"whatsoever,  so  far  as  running  of  the  elevators  is  concerned. 

This  is  followed  by  the  usual  modest  claim  that  by  a  change  in 
the  hydraulic  method  of  operation  there  can  be  a  saving  of  nearly 
seven-eighths   in  the  coal  consumption. 

Careful  avoidance  is  made,  I  notice,  of  mention  of  the  Ameri- 
can Tract  Society's  plant,  put  into  operation  in  May  of  last  year, 
and  supposed  to  represent  the  highest  result  of  the  combined 
skill  and  talent  of  tlie  engineers  of  one  of  the  most  prominent 
elevator  companies  in  this  country,— a  plant  installed  in  full 
recognition  oi  the  fact  that  the  hydraulic  elevator,  as  commonly 
built,  no  matter  whether  for  high  or  low  pressure,  uses  identi- 
cally the  same  amount  of  power  for  every  foot  of  travel  with  or 
without  a  load.  In  this  particular  plant  inverted  diflFerential 
piston  cylinders  are  used,  originally  designed  to  work  at  about 
1 50  pounds  pressure,  and  to  use  water  on  one  side  of  the  piston 
when  more  than  a  certain  load  is  carried,  and  on  both  sides  on  a 
differential  plan  on  a  light  load. 

The  architects'  requirements  were  that  one  car  should  make 
700  ft.  and  live  ears  600  ft.  per  minute,  that  they  should  make 
1,200  round  trips  at  full  load  in  ten  hours,  and  the  guarantees  by 
the  hydraulic  people  were  1,750  lbs.  of  coal  per  day. 

That  building  is  reported  to  have  practically  abandoned  the  essen- 
tial economic  features  of  the  plant.  Pressures  have  been  materially 
raised ;  the  pumps  and  accumulators  are  disproportioned ;  a  by- 
pass has  been  introduced  in  the  high  duty  pump  to  prevent  its 
sticking;  the  differential  valve  has  been  largely  inoperative; 
the  speeds  guaranteed  are  not  made ;  the  loads  called  for  are  not 
lifted  ;  the  trips  specified  are  not  recorded.  The  building,  while 
averaging  for  24  hours  less  than  one-half  the  lighting  of  the 
Postal  Building,  which  has  in  addition  its  telegraph  and  pneu- 
matic fervice  and  carries  more  people  per  day  on  its  elevators, 
is  burning  not  less  than  eight  tons  of  coal  per  day,  and  it  is 
stated  that  at  times  it  goes  as  high  as  nineteen  tons.  I  have  not 
had  an  opportunity  to  verify  the  statement  of  the  engineer,  but 
I  think  these  statements  will  be  found  to  be  pretty  close. 

Did  time  permit,  I  might  add  further  pertinent  reports,  but 
these  will  sufiice.     I  thanlc  you,  gentlemen,  for  your  attention. 

[Adjourned.] 
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New  York,  March  25th.  1896. 

The  104th  meeting  of  the  Institute  was  held  this  date  at  12 
West  Slst  Street,  and  was  called  to  order  by  President  Duncan 
at  8.15  p.  M. 

The  Secretary  read  the  following  list  of  associate  members 
elected  and  transferred  at  the  meeting  of  Council  in  the  after- 
noon. 

Name.  Address.  Endorsed  by 

Betts.  Philander  3d    Electrician,   U.  S.    Xavy   Yard,  C.  J.  Field. 

Washington,  D.  C.  Frank  Bourne. 

0.  G.  Dodge. 

Burgess,  Cbas.  Fred'k.  Instructor  in  Electrical  Engineer-  D.  G.  Jackson. 

ing.  University  of  Wisconsin,  Wm.  C.  Burton. 

Madison,  Wis.  F.  R.  Jones. 

Chapman,  A.  Wright    Electrical  Engineer,  Fort  Wayne  Chas.  S.  Bradley. 

Electrical    Corporation,    Balti-  F.  B.  Crocker, 

more,  Md. ;  residence,  Brooklyn,  M.  I.  Pupin. 
N.  Y. 

Firth,  Wm.  Edgar        Chief  Engineer,  The  Midvale  Steel  Chas.  B.  Dudley. 

Co.,    Nicetown,    Philadelphia;  T.  Carpenter  Smith 

residence,  7208  Boyer  St.,  Qer-  R.  M.  Hunter, 
man  town.  Pa. 

Ford,  Frank  R.  M,  E.  Consulting  Engineer,   Ford  and  Jos.  Wetzler. 

Bacon,    203    Broadway,     New  T.  C.  Martin. 

York  City.  '  Wm.  J.  Hammer. 

GiBBS,  Lucius  T.  Manager    and    Chief    Engineer,  Maurice  Coster. 

Gibbs  Electric  Co.,  Milwaukee,  D.  C.  Jackson. 

Wis.  H.  J.  Ryan. 

GoRRissEN,  Ch.  Superintendent,  Fort  Wayne  Elec-  Chas.  S.  Bradley. 

trieal    Corporation,   Baltimore,  C.  T.  Hutchinson. 

Md.  F.  J.  Sprague. 

Green,  Elwin  Clinton  Testing  Department  and  Install-  Arthur  Frantzen. 

ing     Work,    Jennoy    Electric  fl.  H.  Hornsby. 

Motor  Co.  206  South  East  St..  C.  C.  Haskins. 
Indianapolis,  Ind. 

Hamerschlag,  Arthur  A.   Electrical  Expert,  and  Owner,  0.  P.  Loomis. 

Hamerschlag  &  Co.,  26  Liberty  Jos.  Wetzler. 

St.,  New  York  City.  M.  M.  Mayer. 
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HuLSE,  Wm.  S.  Electrioal  Engineer.  Fort  Wayne  Ghas  S.  Bradley. 

Electrical    Uorporation,    Balti-  F.  S.  Hunting.' 

more,  Md.  W.  M  Stine. 

LoziEB.  Arthur  de  la  M.  M,  E,    Salesman  and  Expert,  E.  J.  Houston. 

Westingliouse,  Church,  Kerr  &  A.  E.  Kennelly. 

Co. ,  26  Cortlandt  St. ;  residence,  R.  T.  Lozier. 
Hotel  Winthrop,  125th  Street, 
West.  New  York  City. 

Mackintosh,  Fred*k.    Electrical  Engineer,  General  Elec-  A.  L.  Rohrer. 

trie    Co. ;    residence,   9    South  H.  G.  Reist. 

Church  St.,  Schenectady,  N.  Y.  W.  L.  R.  Emmet. 

Manson,  Jas.  W.  Wire  Chief,  Franklin  Street  Ex-  J.  J.  Cartv. 

change.  Met.  Tel.  and  Tel.  Co.;  H.  Laws  Webb, 

residence,  80  York  St.,  Jersey  U.  N.  Bethell. 
City.  N.  J. 
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A  /ap*r  presented  at  the  t04tk  Meeting  of  the 
Americitu  Institute  0/  Eleriricai  Engineers^ 
New  Vork^  March  25tk^  i8qb.  President  Dun- 
can in  the  Chair. 


A  NEW  METHOD  OF  STUDYING  THE  LIGHT  OF 

ALTERNATING  ARC  LAMPS. 


BY    WILLIAM    L.    PUFFEK. 


When  a  direct  current  of  proper  volume  is  caused  to  pass  be- 
tween the  tips  of  suitable  carbons,  there  is  produced  the  phenom- 
enon called  the  arc  light.  Generally  the  direction  of  the  current 
flow  is  such  that  the  upper  carbon  is  the  positive,  and  the  lower 
the  negative  electrode.  In  order  to  produce  a  quiet  and  steady 
are,  the  positive  carbon  may  have  a  soft  central  core  to  aid  in 
the  formation  of  the  crater  from  which  the  greater  part  of  the 
light  is  emitted.     The  negative  carbon  may  l)e  cored  or  solid. 

If  we  examine  this  arc  light  very  carefully  through  dark  glass, 
either  smoked  or  colored,  or  better  still,  project  an  image  of  the 
arc  on  a  white  screen  in  a  darkened  room,  using  a  good  achro- 
matic lens  of  large  aperture  and  moderately  long  focus,  we  shall 
see  pictured  out  a  beautiful  but  inverted  image  of  the  arc  in 
correct  colors  and  intensities. 

Knowing  the  direction  of  the  current,  we  notice  that  the  posi- 
tive carbon  has  a  very  sharply  deflned  crater  of  dazzling  white- 
ness of  about  \  OT  \  the  diameter  of  the  carbon  itself.  From  tlie 
crater  the  somewhat  rounded  point  of  the  carbon  diminishes  in 
brightness,  and  finally  verges  into  the  dark  unchanged  carbon. 
Upon  this  heated  carbon  point  the  evidence  of  combustion  is 
plainly  seen  in  shape  of  changing  surface  and  falling  or  accu- 
mulating ashes  or  secoriie,  while  about  it  may  be  seen  the  flames 
of  the  burning  carbon.  The  appearance  of  the  negative  carbon 
is  quite  different  and  clearly  characteristic.  The  ])oint  is  sharper, 
often  with  a  little  tip  at  the  extreme  end,  while  its  base  has  a 
sort  of  crow^n  or  \^  all  of  ashes.   The  little  tip  is  of  whiteneiwi  equal 
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to  that  of  the  crater  of  the  positive,  but  very  small  indeed.  Be- 
low this  tip  is  the  hot  pointed  carbon  wliich,  however,  is  not 
nearly  as  hot  as  the  positive. 

In  the  space  between  the  two  carbons  is  the  bluish  violet  lifi^ht 
of  the  incandescent  vapor  in  the  path  of  the  current.  This  is 
the  arc  itself,  relatively  non-luminous  and  in  volume  conical.  The 
base  of  this  blue  cone  is  as  large  as,  and  is  in  contact  with  the 
crater,  while  the  apex  just  touches  the  white  tip  of  the  negative 
carbon.  Surrounding  this  core  are  several  layers  of  gases  of 
various  shades  of  blue  and  yellow,  and  the  flames  of  the  burning 
carbons.  The  light  thrown  out  by  this  combination  of  causes 
may  be  considered  as  coming  from  four  sources.  By  far  the 
greater  part,  from  the  white  hot  surface  of  the  crater  on  the  posi- 
tive carbon,  a  much  lesser  amount  from  the  little  white  tip  of 
the  negative ;  less  than  this  from  the  carbons  considered  simply 
as  two  red  hot  sticks,  and  a  very  small  amount  from  the  hot 
gases.  It  is  evident  that  a  large  part  of  the  total  light  will  be 
thrown  downward. 

Upon  stopping  the  current,  the  heated  carbons  glow  for  some 
time ;  the  positive  is,  however,  very  much  hotter  than  the  nega- 
tive and  keeps  hot  longer. 

If,  after  the  carbons  have  become  cool,  an  alternating  current 
is  caused  to  pass  between  them,  and  suflicient  time  allowed 
for  the  points  to  become  settled  into  their  normal  shape,  it  will 
be  seen  that  the  arc  is  naturally  different  in  appearance  from  the 
direct  current  arc.  Both  carbons  will  be  of  the  same  shape, 
having  rounded  points,  each  with  a  small  luminous  crater,  from 
which  is  emitted  the  greater  part  of  the  total  light  of  the  arc. 
Both  carbons  will  show  similar  signs  of  combustion  with  the 
accompanying  flames  and  ashes,  and  the  light  will  be  thrown 
upwards  as  well  as  downwards. 

The  blue  arc  between  the  two  craters  will  appear  as  a  Ixand  of 
nearly  the  same  width  in  all  parts,  while  about  it  are  the  several 
gaseous  envelopes  of  different  degrees  of  intensity.  Upon  shut- 
ting off  the  current,  both  carbons  will  be  found  of  the  same 
degree  of  luminosity  and  heat. 

Somewhat  more  than  a  year  ago,  1  wished  to  demonstrate  to 
the  senior  class  in  electrical  engineering  during  a  lecture  I  gave 
them  on  alternating  current  phenomena,  that,  although  when  ex- 
amined by  means  of  a  large  projected  image  upon  a  white  screen 
in  a  darkened  room,  the  alternating  current  arc  ap]>eared  to  be 
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ae  steady  as  the  direct  current  arc,  and  the  light  was  thrown 
equally  upwards  as  well  as  downwards,  yet  there  were  very  great 
fluctuations  in  the  light  due  to  the  intermittent  heating  of  the 
carbon  points. 

The  mathod  chosen  was  the  stroboscopic,  which  has  given  us 
at  the  Institute  of  Technology  most  excellent  results  in  the  hands 
of  various  experimenters  while  investigating  the  movement  of 
transmitter  electrodes,  telephone  diaphragms,  tuning  forks, 
vibmting  strings,  and  the  like. 

A  hand  regulating  arc  lamp  was  placed  in  a  lantern,  with  a 
large  achromatic  lens  so  adjusted  as  to  make  an  image  of  the 
arc  some  ten  feet  long  on  the  screen  of  the  lecture  room.  A 
transfer  switch  and  suitable  rheostats  were  arranged  so  that 
either  a  direct  current  or  an  alternating  current  of  about  fifteen 
amperes  could  be  used.  At  a  convenient  point  a  disk  of  about 
eighteen  inches  in  diameter,  in  which  were  cut  eight  narrow  ra- 
dial slots,  was  placed  so  that  the  beam  of  light  was  interrupted 
as  the  disk  revolved.  The  disk  was  fixed  to  tlie  shaft  of  a  direct 
eurrent  motor  whose  speed  could  be  adjusted  very  closely  by  a 
rheostat  in  the  armature  circuit. 

As  the  alternator  used  was  a  125-cycle  dynamo,  and  the  disk 

had  eight  slots,  the  stroboscopic  effect  would   be  produced  when 

the  light  of  the  arc  would   be  allowed  to   pass  at  a  frequency 

very   slightly    more    or    less    than   that    of    the    dynamo,    or 

1525  X  60 

=  937^  revolutions  per  minute  of  the  motor  armature. 

Suppose,  for  example,  it  ran  at  937  revolutions  per  minute, 
then,  counting  from  the  time  when  the  current  in  the  arc  was 
iero,  each  receding  flash  of  light  would  be  ^\j^  part  of  a  com- 
plete alternation  behind  the  preceding  one,  and  owing  to  the 
persistency  of  vision  the  arc  would  be  seen  on  the  screen,  as  if 
the  alternations  had  been  so  reduced  in  speed  that  it  took  two 
seconds  for  a  single  alternation  of  the  current. 

An  attentive  watching  of  the  image  as  the  current  alternates 
is  now  highly  interesting  and  instructive,  and  can  only  be  seen  to 
be  fully  appreciated. 

It  is  clearly  shown  that  the  alternating  current  arc  is  a  se- 
•quence  of  direct  current  arcs,  alternating  in  polaiity.  and  that  each 
wave  of  current  produces  very  clearly  and  distinctly  all  the  at- 
tributes of  the  direct  current  arc. 

The  hot  positive  carbon  with  its  white  hot  crater,  from  which 
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extends  the  fan-shaped  bhie  liglit  of  the  arc  to  the  small  white 
tip  of  the  colder  negative  carbon,  will  be  seen  to  die  away,  and 
all  light  goes  out  except  the  glow  of  the  red-hot  carbons, 
and  then  light  appears  again  with  the  current  reversed. 

Early  in  November  last  the  subject  was  again  taken  up,  with 
the  very  efficient  aid  of  Mr.  R.  R.  Lawrence,  a  post-graduate 
student  in  electrical  engineering  at  the  Massachusetts  Institute  of 
Technology,  and  rapidly  developed  with  such  beautiful  results 
that  it  was  decided  to  exhibit  publicly  before  the  the  Society  of 
Arts,  which  was  done  some  little  while  after,  at  the  regular 
meeting  of  January  2d,  1896. 

We  first  attempted  to  take  a  set  'of  instantaneous  photographs 
of  the  arc  at  different  periods  of  an  alternation,  and  by  the  use 
of  a  pneumatic  shutter,  and  a  progressive  motion  of  the  lens,  ob- 
tained some  very  sharply  detined  pictures.  After  many  trials, 
this  was  given  up,  because  of  the  practical  impossibility  of  tim- 
ing the  exposures  with  respect  to  the  alternations,  and  we  de- 
cided to  use  a  disk  with  half  as  many  slots  as  there  were  pole- 
pieces  on  the  dynamo,  and  to  "drive  it  by  the  shaft  of  the  ma- 
chine itself. 

The  dynamo  available  was  one  giving  a  three-phase  500-volt 
current  with  a  frequency  of  about  60  cycles.  Two  wires  only 
were  used  to  give  us  the  current  required. 

A  somewhat  long,  light  shaft,  carrying  at  one  end  the  disl\% 
and  at  the  other  a  positive  mechanical  clutch,  was  mounted  in 
line  with  the  armature  shaft.  As  the  clutch  could  onlv  l)e 
thrown  in  when  the  two  shafts  were  nearly  equal  in  speed,  a 
small  motor  was  placed  so  as  to  bring  the  disk  up  to  speed  when 
the  clutch  was  thrown  in  and  the  motor  belt  removed. 

The  disk  was  held  in  place  by  a  frictional  clamp  disk  on  the 
shaft.  A  graduation  and  reference  mark  served  to  measure 
angular  change  of  disk  on  shaft,  and  therefore  of  slots  with  ref- 
erence to  the  pole  pieces  or  alternation  of  the  current. 

The  arc  to  be  tested  was  put  in  a  boxing  to  keep  away  air 
from  the  currents  close  behind  the  disk,  and  a  camera  with  a 
roll  holder  in  front  of  the  disk.  With  this  arrangement  the  arc 
as  seen  was  perfectly  steady  at  any  part  of  the  wave  that  corre- 
sponded to  the  position  of  the  disk  on  the  shaft,  and  as  the  pro- 
cess of  stopping,  setting  and  starting  the  disk  was  very  rapid* 
the  roll  holder  being  in  the  meantime  turned,  many  pictures  could 
be  taken  in  a  verv  few  minutes. 
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Generally  it  was  not  necessary  to  take  more  than  twelve  ex- 
posures in  order  to  get  a  series  showing  clearly  the  changes  in 
light  intensities  during  a  single  phase. 

We  found  that  it  was  about  as  instructive  to  watch  the  appear- 
ance of  the  arc  on  the  ground  glass  of  the  camera,  and  far  more 
beautiful.  In  this  way  we  examined  both  the  effect  produced 
in  the  arc  by  change  in  the  voltage  of  the  circuit,  the  current 
being  kept  constant  by  alteration  of  the  resistance. 

For  example,  with  500  volts,  and  a  large  non-inductive  resis- 
tance in  series  with  the  arc,  it  was  plainly  evident  that  the  current 
wave  was  approximately  sinusoidal,  as  the  time  of  extinction  of 
the  current,  as  indicated  by  the  blue  band  of  the  arc  proper,  was 
very  short,  and  the  rise  and  fall  of  the  current  gradual  and  with 
no  irregularities.  This  is  to  be  expected,  as  the  back  e.  m.  f.  of 
the  arc  is  small  compared  to  the  voltage  of  the  generator,  and 
the  circuit  as  a  whole  is  non-inductive. 

The  opposite  condition  was  realized  by  using  a  lower  e.  m.  f. 
and  regulating  by  a  reactive  coil.  The  time  of  no  current  was 
longer,  and  the  current  appeared  to  jump  to  its  maximum  in  an 
exceedingly  small  angular  time.  In  this  case  the  arc  was  not 
steady,  showing  clearly  to  the  eye  that  the  succeeding  waves  of 
current  were  not  alike  either  in  form  or  current  value,  and  also 
that  the  angle  of  lag  was  constantly  changing.  This  fact  has 
always  prevented  an  accurate  plotting  of  wave  forms  by  the  in- 
stantaneous contact  method,  and  althougli  known  to  exist,  was 
never  before  actually  seen. 

A  very  pretty  doui)le  arc  was  arranged  by  ui^ing  three  carl)ons 
and  wiring  two  circuits,  each  with  current  regulators,  in  such  a 
way  that  the  arc  was  the  common  junction,  and  one  carbon  was 
of  one  polarity,  while  the  other  two  were  of  opposite  polarity. 
With  wire  resistances  in  each  side,  there  was  nothing  peculiar  to 
be  noted  other  than  the  effects  of  the  junction  of  two  currents, 
but  when  the  resistance  in  one  circuit  was  gradually  cut  out,  and 
equivalent  inductance  cut  in,  there  was  at  once  visible  evidence 
of  the  lag  of  the  current,  together  with  the  change  of  shape  of 
the  wave  and  the  unsteadiness  before  noted.  Owing  to  the  long 
time  of  no  current  in  the  inductive  side  there  were  times  when 
even  with  considerable  lag  there  were  actually  no  visible  traces  of 
current  between  either  points.  This  effect  was  dependent  on 
adjustment  of  current  strength  and  inductance,  as  well  as  voltage. 
The  sequence  of  currents  and  polarity,  in  this  arc  was  most  beauti- 


76  PUFFER  ON  ALTERNATING  ARC  LAMPS.        [Mar.  25. 

fnlly  brought  out  when  the  disk  was  disengaged  from  the  shaft, 
and  driven  by  the  little  motor  at  a  rate  very  slightly  less  than  the 
dynamo. 

We  found  that  work  in  the  immediate  vicinity  of  the  dynamo 
was  not  very  desirable,  owing  to  air  currents  and  excessive  vibra- 
tion, so  we  arranged  a  combination  of  motors  that  will  produce 
at  any  distance  from  the  dynamo  all  the  desired  results. 

A  very  nicely  balanced  brass  disk  with  four  radial  slots  in  it 
was  attached  to  the  armature  shaft  of  a  Holtzer-Cabot  synchro- 
nous induction  motor  of  eight  poles.  The  pulley  of  this  motor 
could  be  driven  by  a  light  belt  from  a  self-starting  induction 
motor  of  the  same  make,  which  is,  however,  not  quite  synchro- 
nous under  load.  By  trial  the  two  pulleys  are  wound  with  rub- 
ber tape  until  their  ratio  is  such  that  the  brass  disk  will  be 
uniformly  driven  at  a  speed  a  trifle  above  synchronism,  and  the 
arc  light  can  he  seen  through  the  slots  to  pass  through  the  alter- 
nation at  a  desirable  rate. 

By  a  single  movement  of  a  switch,  the  non-synchronous  motor 
is  cut  out,  and  the  synchronous  cut  into  circuit  when  the  armature 
drops  into  step  with  the  dynamo,  and  the  arc  is  instantly  seen  as 
iixed,  the  belt  is  thrown  off  or  left  on,  as  desired.  These  arm- 
atures may  be  on  the  same  shaft,  if  necessary.  The  synchronous 
motor  does  not  stand  on  its  base,  but  rests  on  the  turned-outside 
of  its  bearings  in  pillow  blocks  which  are  attached  to  u  suitable 
base  frame. 

Concentric  with  the  shaft  and  firmly  attached  to  the  motor  is 
a  brass  gear,  six  inches  in  diameter,  and  on  it  a  graduated  circle. 
On  a  lever  pivoted  so  as  to  be  thrown  to  or  from  the  motor  gear 
is  a  small  spur  gear  with  a  milled  head  for  turning. 

Turning  this  head  will  evidently  cause  the  motor  to  slowly 
rotate  about  its  axle,  and  as  the  armature  must  bo  in  step  with 
the  dynamo,  and  as  the  turning  of  the  motor  changes  the  posi- 
tion of  a  given  pole-piece  relatively  to  the  arc  light,  it  follows 
that  any  part  of  the  alternation  of  current  in  the  arc  may  be  seen 
on  the  screen,  and  as  the  motor  has  eight  poles,  a  (juarter  turn  or 
90°  on  the  graduated  circle  corresponds  to  a  complete  cycle  in 
the  arc. 

The  picture  of  the  arc  can  then  be  photographed,  measured, 
or  in  any  way  studied  at  leisure  in  any  phase  relation,  as,  for  ex- 
ample, when  the  top  carbon  is  positive,  or  when  there  is  no  arc  at 
all  and  only  dull  red  carbon  points  visible. 
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Id  this  way  we  hnve  seen  single  arcs  of  liigti  and  low  b.  h.  f.^ 
long  and  short  double  ares,  arcs  with  much  inductance  in  circuity 
Jablochkoff  candles,  arc  between  a  ring  and  a  point  within,  the 
spinning  arc  between  the  ends  of  a  carbon  cylinder  and  a  con- 
centric carbon  within,  with  a  magnetizing  coil  around  the  inner 
carbon  and  the  like. 

One  of  the  most  beautiful  arcs  investigated  by  ns  visually  and 


photographically  was  a  rotary  arc  made  by  the  use  of  three  car- 
bons in  the  same  plane,  at  angles  of  120"  apart  and  wired  up  as 
the  junction  point  of  an  externa!  Y  '"^  on  *  500-volt  60  cycle 
three-phase  generator.  Non-inductive  resiBtance  was  used  in  the 
circnit,  and  the  current  used  in  one  leg  of  the  Y  was  10  or  15 
amperes. 

Twelve  photographs  were  taken  at  equal  intervale  of  30°  in  an 
alternation   of  the   current   in  one   wire.     Fig.  1   shows   very 
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clearly  the  relatiou  of  the  curreut  waves  from  the  diflfereiit  car- 
bon points,  and  the  curved,  fan-shaped  figure  indicates  the  posi- 
tion and  direction  of  the  bluish  arc  at  the  corresponding  angle. 
The  base  of  the  fan  rests  on  a  positive  carbon  which  has  a 
white-hot  crater  and  all  the  appearance  of  the  positive  carbon  of 
a  direct  current  arc,  while  the  tip  of  the  fan  rests  on  the  white 
spot  at  the  end  of  a  negative  carbon. 

It  will  be  seen  at  0°,  for  example,  there  is  no  current  on  car- 
bon l,and  that  2  is  negative  and  3  positive,  the  blue  fan-like 
arc  curving  from  3  to  2 :  30°  later,  2  is  still  negative  and  3  posi- 
tive, but  that  an  equal  arc  is  now  playing  from  1  to  2.  At  60° 
•2  is  still  negative,  1  positive,  but  there  is  no  current  on  3.  At 
•90°  the  appearance  is  somewhat  like  30°,  except  that  the  signs 
are  changed,  and  the  point  with  the  double  current  is  necessarily 
much  whiter,  it  being  now  positive.  And  so  on  through  the 
changes  of  the  complete  wave. 

This  three-phase  arc,  when  seen  while  the  disk  is  running  non- 
synchronously,  is  the  most  beautiful  of  any  studied,  and  may 
be  seen  according  to  the  diflferent  length  of  arc  and  the  diver- 
gence of  the  disk  from  exact  synchronism,  either  as  a  band  of 
blue  light  which  seems  to  be  progressively  travelling  over  tlie 
three  sides  of  a  triangular  path,  or  as  a  rapidly  spinning  star  of 
blue  light,  being  in  fact  a  rotary  arc. 

The  three-phase  arc  is  less  noisy  than  the  single  ]>hase,  and  its 
light  is  steadier  and  has  less  variation  in  its  total  intensity,  owing 
to  the  fact  that  the  current  never  stops,  and  there  is  always  a  posi- 
tive carbon.  Three  cored  carbons,  placed  parallel  side  by  side, 
with  slight  magnetizing  coils  to  keep  the  arc  at  the  ends  of  the 
carbon,  will  give  a  very  satisfactory  light  in  the  direction  away 
from  the  tips,  and  may  be  used  when  it  is  desirable  to  throw  the 
light  all  in  one  direction. 

Four  carbons  at  90°  apart,  each  with  a  suitable  resistance  in 
series  with  it,  and  connected  to  quarter-phase  tap  wires  on  a 
Granmie  ring  or  other  generator  giving  quarter-phase  circuits, 
will  also  produce  a  rotary  field  arc  of  great  beauty  and  interest. 

Study  of  these  arcs  is  still  going  on  at  the  Institute  of  Tech- 
nology under  my  immediate  charge,  which  will,  1  hope,  pro- 
duce results  suflSciently  interesting  to  justify  a  second  paper  at 
some  later  date. 
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Meeting  of  Western  Members. 


Chicago,  March  25tli,  1896. 

A  meeting  of  western  members  was  held  at  the  Armour 
Institcte,  this  date  for  the  purpose  of  exchanging  information 
in  regard  to  the  "  Rontgen  Ray. ' 

About  250  members  and  guests  were  present,  Vice  President 
A.  S.  Hibbard  presiding.  Mr.  Charles  E.  Scribner  presented  a 
historical  sketch  of  the  discovery,  and  also  described  experiments 
made  by  him  and  the  apparatus  used.  Dr.  James  Burry  also 
spoke  on  ^'  The  Surgical  Value  of  the  Rontgen  Ray."  Prof. 
Stine  presented  the  following  details  of  his  experiments. 

Prof.  Wilbur  M.  Stine: — In  the  original  paper  by  Prof. 
Rontgen  the  statement  is  made  that  when  the  cathode  stream  is 
deflected  by  a  magnet,  the  X  ray  is  given  off  from  the  new  point 
of  impact  on  the  glass.  By  implication,  it  then  seemed  that  the 
ray  was  produced  at  all  pomts  of  the  wall  of  the  tube  upon  which 
the  charged  molecules  constituting  the  cathode  stream,  impinged. 
This  information  proved  too  vague  to  materially  assist  the  experi- 
menter in  investigations  or  in  the  design  of  Crooke's  tubes.  The 
fact  that  Geissler  tubes  do  not  generate  the  ray,  indicated  either 
that  the  ray  was  absorbed  witlnn  the  tubes,  or  that  the  cathode- 
repelled  molecules  lost  their  charge  before  reaching  the  walls  of 
the  tube.  Again,  were  there  two  sources  of  the  rays, — the  sur- 
face of  the  cathode  or  some  of  the  charged  molecules  of  the 
stream,  and  the  glass  of  the  tube  ?  Some  time  since,  the  writer 
showed  that  the  fluorescence  of  the  glass  did  not  of  itself,  even 
when  associated  with  a  static  charge,  produce  the  ray.  This 
pointed  out  the  criterion  for  the  successful  tube,  that  it  was  one 
m  which  the  vacuum  was  sufficiently  high  to  permit  a  free  molec- 
ular path  from  the  cathode  to  the  glass  of  the  bulb. 

Further,  it  has  been  recently  stated  on  the  best  of  authority 
that  sciagraphs  are  produced  not  by  the  cathode,  but  are  anodic. 
From  the  very  first,  the  writer  has  kept  these  considerations  in 
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view,  and  endeavored  to  obtain  definite  facts  which  should,  be- 
yond doubt,  eetablieh  the  source  and  diBtribution  of  the  ray.  In 
the  following  description  the  higtoricat  sequence  will  be  preserved 
and  a  few  leading  dates  indicated. 

From  the  very  first,  penumbral  effects  were  observed.  The 
first  accurate  experiment  was  made  about  February  20.  A  rod 
of  iron  was  separated  a  fixed  distance  from  the  plate,  the  distance 
of  the  plate  from  the  end  of  the  bulb  being  already  noted.  The 
penumbral  effects  were  plotted  Iwick  and  showed  that  the  raya 
were  emitted  from  almost  the  entire  end  of  the  tube.  This  ex- 
periment was  repeated  and  varied  a  great  number  of  times  with 
aljout  the  same  results.  Early  in  the  present  month  a  more  exact 
result  was  obtained.  Pieces  of  flat  brass  about  J  inch  in  width 
were  soldered  together  to  form  a  geometrical  figure.     As  these 


Fio.  I. 

rested  edgewise  on  the  plate,  the  width  of  the  shadows  could  be 
meaeurea  with  great  accuracy.  These,  when  pKvtted  back  to  the 
tube,  indicated  a  i«ource  of  the  rays  circular  in  shape  and  about 
11  inches  in  diameter,  this  area  corresponding  in  size  and  position 
with  the  dark  ring,  (the  cathode  impnnt)  on  the  bulh.  Was  this 
then,  one  or  the  only  source  of  the  ray  'I  It  then  occured  to  the 
writer,  that  a  short  tut)e  would  indicate  very  clearly  the  space  dis- 
tribution of  the  rays.  Accordingly,  sections  \  inch  in  height 
were  cut  from  brass  tubing,  No.  IS  gauge,  of  diameters  ranging 
from  one-half  to  three  inches.  These  were  placed  concentrically 
on  a  dry  plate,  and  a  sciagraph  taken  with  tlie  rings  ]>arallel  with 
the  end  of  the  bulb  and  at  a  fixed  distance  from  it.  The  tube  in 
this  case  was  a  email  pear-shaped  one.  The  shadows  were  con- 
centric, and,  plotted  back  to  the  tube,  indicated  that  a  circular 
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area  about  1^  inches  in  diameter  was  tbe  prime  source  of  the  X 
ray  (Fip.  1).  To  test  whether  the  flat  anode  was  also  active,  sim- 
ilar rines  were  placed  0|>po6ite  it.  In  this  case,  the  Bhadows,  in- 
stead of  being  concentric,  were  elliptical,  and  plotted  hack  to  th» 
former  area'  (Fig.  1^).* 

Amongst  the  first  experiinenta  was  one  to  test  whether  the  ray 
could  be  polarized.  It  was  found  that  tonrmaline  plates  were 
sufficiently  transparent.  Two  exposurea  were  made,  one  in  posi- 
tion of  maximum  tranemiasion,  the  other  at  90°,  or  in  the  croesed 
position.  In  both  cases,  with  etjoal  exposures,  the  tourmalines 
were  equally  transparent. 

Another  interesting  experiment   waa  to  determine   whether 


I  grades  of  dry  plates  were  more  or  less  sensitive  to  the 
Kuntgen  ray.  The  results  showed  that  the  time  of  exposure  was 
not  influenced  by  the  light-speed  of  the  plates.  Slow  plates  have 
since  been  exclusively  employed,  since  they  work  with  greater 
density  and  clearer  shadows.  The  writer  had  the  pleasure  of  be- 
ing the  tirst  in  this  country  to  announce  this  important  discovery. 
This  experiment  possesses  much  theoretical  interest.  Uontgen 
and  others  have  stated  that  the  effect  of  this  ray  on  silver  salt* 
was  probably  due  to  fluorescence  which  it  induced  on  the  film. 

1.  Shortly  Bulwe<iuent  experiments  rnotle  bv  the  writer,  employing  the  buhO' 

method,  cleftrlj  indiwite  that  there  is  also  a  rr"™  "-  i"™  — —'' ' 

vii..  wherever  thr-  "-' ' — '°  ■>--•!"'-"  1™™^™=  , 

3.  The  letter  " 
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Were  this  the  case  plates  exposed  to  such  rays  would  act  in  pro- 
portion to  their  light  speed,  since  fluorescent  light  is  highly  actinic. 

Much  stress  has  also  been  placed  on  fluorescent  glass  bulbs  as 
the  source  of  the  ray.  To  test  this,  a  cube  of  uranium  glass  was 
powerfully  excited  by  a  focused  arc  light,  but  only  negative 
results  were  obtained  in  repeated  and  lengthy  exposures.  The 
surface  of  the  cube  was  also  kept  charged  by  a  lloltz  machine, 
but  no  results  were  obtained.  The  fluorescence  of  the  bulb  of 
the  Crooke's  tube  seems  rather  an  accidental  than  a  causative 
phenomenon.  The  kinematics  of  the  Rontgen  ray  was  carefully 
and  exhaustively  studied.  In  short,  no  evidences  were  found  of 
diffraction,  refmction,  reflection  or  interference.  There  are  many 
appearances  of  such  character,  which  have  evidently  misled  some 
rather  untrained  experimenters,  yet  when  carefully  studied  are 
found  of  negative  value. 

The  writer's  experiments  have  been  extensive,  and  have  been 
so  fully  described  in  the  columns  of  the  current  technical  papers 
that  their  repetition  here  seems  unnecessary.  Only  a  few  of  the 
more  important  results  have  been  noted  above. 

Upon  motion  of  Mr.  B.  J.  Arnold  a  vote  of  thanks  was  ex- 
tended to  Mr.  Scribner,  Dr.  Burry  and  Prof.  Stine  for  their  con- 
tributions upon  the  subject  of  the  evening  and  the  meeting  ad- 
jounied. 


DIED. 

Peck  : — En  route  frora  Mexico  to  Boston,  June  13th,  1896,  Samuel  C  Peck, 
formerly  of  Boston.  Mr  Peck  was  born  in  Newtown,  Conn^  April,  1886, 
and  was  elected  an  associate  member  of  the  Institute  September  6th,  1887, 
at  which  time  he  was  electrician  for  the  Simplex  Electrical  Co.,  at  Xew- 
tonville,  Mass.  He  subsequently  entered  tne  employ  of  the  Thomson - 
Houston  Electric  Co.,  at  Boston.  In  1890  he  went  to  Mexico,  where  he 
has  been  since  continuously  engaged  as  agent  of  the  General  Electric  Co. 
He  started  North  for  the  purpose  of  having  a  surgical  operation  performed 
-and  died  on  the  train  about  three  hours  ride  frora  the  Citv  of  Mexico. 
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New  York,  April  22nd,  1896. 

Tlie  105 til  meeting  of  the  Institute  was  held  this  date  at  12 
West  Slst  Street,  and  was  called  to  order  by  President  Duncan 
at  8.15  P.M. 

The  following  associate  members  were  elected  by  Council  at 
the  meeting  in  the  afternoon. 


Name. 

Baldwin,  Bert  L. 


AddrcM.  EDdorsed  by. 

Mechanical  and  Electrical  Engin-  Nelson  W.  Perry, 

eer,  The  Cincinnati  Street  R*way  L.  G.  Lilley. 

Co.,  72  Perin  Building,  Cincin-  John  A.  Cabot, 
nati,  O. 


Clabk,  Chas.  M. 


Clabk,  William  J. 


Student.  Electrical  Course,   Col-  P.  B.  Crocker, 

umbia  College  ;    residence,  881  Geo.  P.  Sever. 

Madison  Ave.,  New  York  City.  W.  H.  Preedman. 

General  Manager,  Railway  Dept.  Louis  Duncan. 

Geneml  Electric  Co.,  44  Broad  C.  T.  Hutchinson. 

Street,  New  York  City.  Prank  J.  Sprague. 

Field,  Henry  Gkoeoe  Consulting    Electrical    Engineer,  Alex  Dow. 

Pield  and  Hinchman,  25  Hodges  Jesse  M.  Smith. 

Building,  Detroit,  Mich.  Henry  S.  Carhart. 

Flort,  Curtis  B.  Student,  Lehigh  University  ;  resi-  Alex.  Macfarlane. 

dence.  530  Broad  Street,  South  H.  S.  Webb. 

Bethlehem,  Pa.  J.  Henry  Klinck. 

GoDDARD.  Chris.  M.     Secretary  and    Electrician,   New  P.  E.  Cabot. 

England  Insurance  Exchange,  C.  B.  Burleigh. 

Sec'y    Underwriters*    National  A.  M.  Schoen. 
Electric  Ass'n,  55  Kilby  Street, 
Boston,  Mass. 

Jackson,  Wm.  Steell  Electrical    Engineering  Student,  Alex.  Macfarlane. 

fjehigh  University,  South  Beth-  H.  S.  Webb, 

lehem.  Pa.;  residence,  Duncan-  J.  Henry  Klinck. 
non,  Pa. 


Little,  C.  W.  G. 


McCluer,  Chas.  P. 


Engineer.  British  Thomson-Hous-  H.  P.  Parshall. 

ton  Co.,  38  Parliament  Street,  Evan  Parry. 

London,  Eng.  R.  W.  Pope. 

District  Inspector.  So.  Bell  Tel.  M.  B.  Ijeonard. 

and  Tel.  Cfo.,  Richmond,  Va.  Geo.  A.  Tower. 

C.  E.  McCluer. 
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Speed,  Bucknee  Asst.  Electrical  Engiueer,  Louis-  G.  Wilbur  Hubley. 

ville  Electric  Lijfht  Co.,  15-^1  L.  B.  Stillwell. 

4th  St.,  Louisville,  Ky.  Alex.  J.  Wurts. 

Thomas,  Robebt  McK.  Asst.  Chief  Inspector,  Bureau  of  Joseph  Sachs. 

Electrical    Appliances.    N.   Y.  Geo.  A.  Hamilton. 

Fire  Dept. ;  residence,  222  West  H.  F.  Albright. 
23d  St.,  New  York  City. 

Thbesheb,  Alfred  A.  Electrical  Engineer  and  Proprie-  E.  P.  Roberts. 

tor  Thresher  Electric  Co.,  Day-  R.  H.  Pierce, 

ton,  0.  '  R.  E.  Richardson. 

Total,  12. 


TRANSFERRED  FROM  ASSOCIATE  TO  FULL  MEMBERSHIP. 


Approved  by  Board  of  Examiners,  Feb.  19th,  1896. 

Andrews,  W.  S.  Electrical    Engineer,    etc.,    General    Electric    Co., 

Schenectady,  N.  Y. 

Approved  by  Board  of  Examiners,  March  20th,  1896. 

Stott,  Henrt  G.  Electrical  Engineer,   Buffalo  General  Electric  Co., 

Buffalo,  N.  T. 

Carhart,  Henry  S.  Professor  of  Physics,  University  of  Michigan,  Ann 

Arbor,  Mich. 

Harrison,  Russell  B.      President  and  Electrical  Engineer,  Terrc  Haute. 

The  following  paper  was  then  read  by  Mr.  D.  McFarlan  Moore, 
and  was  illustrated  with  lantern  slides.  The  hall  was  illuminated 
by  the  vacuum  tubes  described  in  the  paper.  Various  experi- 
ments were  also  shown. 


A  paper  pr€UHttd  mi  tkt  iOgik  Mttting  oj  the 
American  Institute  0/  Electrical  Engineers ^ 
New  VerJk,  Aprils  22d  /SUfd.  President  Duncan 
in  the  Chair. 


RECENT  DEVELOPMENTS  IN  VACUUM  TUBE 

LIGHTING. 


BY    D.    MC  FARLAN    MOORE. 


Most  people  have  been  accustomed  to  oil  lamps,  gas  jets  and 
other  forms  of  light  which  have  about  reached  their  perfection. 
With  the  appearance  of  the  arc  and  incandescent  lamps  it  was 
thought  that  electricity  had  reached  its  limit  in  giving  to  the 
world  a  system  of  illumination  that  would  leave  nothing  more  to 
be  desired.  Indeed,  it  seems  almost  a  presumption  to  dare  to 
think  of  light  being  produced  that  would  approach  daylight  in 
form  and  quality.  The  time  is  not  so  very  remote  when  any 
man,  who  would  have  attempted  to  manufacture  sunshine,  would 
have  shared  the  fate  of  a  Galileo. 

But  fortunately  the  investigator  of  to-day  has  nothing  of  this 
kind  to  fear.  Much  arduous  labor  has  already  been  expended  in 
the  solution  of  the  problem  by  many  eminent  electrical  scientists 
engaged  in  the  study  of  vacuum  tube  phenomena,  but  the  results 
from  a  practical  point  of  view  have  been  very  meagre.  This  is 
chiefly  owing  to  the  complicated  and  expensive  apparatus  neces- 
sary, and  the  very  unsatisfactory  results  even  then  obtainable. 
In  fact,  light  from  vacuum  tubes,  which  is  the  only  form  of  illu- 
mination that  actually  approaches  nature's  standard — daylight; 
has  never  been  obtained  in  any  quantity  that  would,  in  any  way, 
be  suitable  for  practical  use.  Of  the  other  forms  of  electric 
lighting,  the  incandescent  lamp  is  the  most  prominent.  It  is  the 
peer  of  all  illuminants  in  commercial  use  to-day,  but  is  lacking, 
when  we  consider  maximum  uuiformity  in  the  distribution  of 
light,  and  when  calculations  show  that  only  three-tenths  of  one 
per  cent,  of  the  energy  of  the  coal  necessary  to  produce  light  by 

85 


86  MOORE  ON  VACUUM  TUBE  LIGHTING,  [xVpr  22, 

incandescence  (its  name  defines  its  character)  is  actually  trans- 
formed into  light,  it  is  evident  that  there  is  room  for  improve- 
ment. The  new  electric  light  should  possess  all  the  good  qualities 
of  the  present  lamp  with  none  of  its  drawbacks,  and  among  its 
improvements  will  be  noted  the  combination  of  utility  and  dec- 
oration. The  recognized  tendency  of  the  day  is  towards  multi- 
plication of  lights  and  avoidance  of  strong  shadows — in  other 
words,  an  even  illumination,  that  is ;  light  from  all  directions. 

The  object  of  this  paper  is  not  only  to  call  attention  to  the  ad- 
vantages that  will  accrue  with  the  adoption  of  vacuum  tube 
lighting,  but  more  particularly  to  a  simple  method  of  obtaining 
a  current  which  will  ultimately  make  such  an  adoption  universally 
feasible.  Almost  without  exception,  experimenters  in  vacuum 
tube  lighting  have  hitherto  sought  for  the  solution  of  the  prob- 
lem by  merely  pushing  to  the  extreme,  well-established  methods 
based  on  principles  long  known  in  the  art.  That  is,  strictly 
speaking,  no  radical  departures  from  the  well-beaten  paths  have 
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Fig.  1.  Fig.  2. 

been  as  yet  brought  forward.  However,  this  paper  does  repre- 
sent radical  departures :  in  principles,  in  apparatus  and  in  the 
nature  of  the  current,  resulting  in  a  light  of  greatly  increased  in- 
tensity. 

Before  entering  upon  a  description  of  the  new  system,  permit 
me  to  call  your  attention  to  the  methods  heretofore  used  for  ob- 
taining light  from  hennetically  sealed  glass  tubes  containing  a 
rarefied  gas. 

For  many  years  the  Geissler  tube  has  been  a  scientific  toy. 
When  a  suitable  electric  current  is  connected  to  its  terminals,  its 
entire  length  is  filled  with  a  faint  glow.  This  is,  of  course,  a 
light  of  radically  different  character  from  that  now  used  in  any 
commercial  form  of  illumination.    (See  Fig.  1.) 

It  is  light  emanating  from  rarefied  air  with  an  apparent  ab- 
sence of  heat  and  combustion.  Upon  this  principle  developed, 
probably  depends  the  light  of  the  future,  which  will  soon  be,  in 
the  opinion  of  the  writer,  the  ''light  of  the  present.'-  As  a 
device  for  transforming  electrical  energy  into  light,  the  vacuum 
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tube  is  very  efficient.  The  majority  of  authorities  place  it 
at  a)x)ut  70  per  cent,  and  tlie  incandescent  lamp  at  two  per  cent. 
Notwithstanding  this  remarkable  efficiency,  it  has  never  been 
commercially  possible  to  illuminate  by  vacuum  tubes,  because  the 
light  could  not  be  made  sufficiently  intense  (this  is  expressing  it 
mildly)  even  with  bulky  apparatus  that  was  entirely  impractic- 
able. 

Furthermore,  the  current  i)roduced  by  such  apparatus  was  of 
such  a  nature  as  to  render  its  insulation  extremely  difficult.  The 
ordinary  induction  coil  is  often  used  for  this  purpose.  A  current 
of  low  voltage,  such  as  that  from  a  battery  of  a  few  cells  must 
be  used  with  such  a  coil,  because  a  current  of  higher  voltage^ 
could  not  be  properly  disrupted,  the  arc  fonning,  preventing  a 
sudden  break  of  the  current.  But  since  the  light  depends  on  the 
suddenness  of  the  break,  the  arc  must  be  prevented,  therefore  the 
(quicker  the  break,  the  brighter  the  light — provided  the  apparatus 
is  properly  designed. 

The  quickest  break  can  be  made  by  interposing  in  a  circuit  the 
most  perfect  dielectric  in  the  minimum  space  of  time.  The  best 
dielectric  known  is  a  vacuum,  and  I  have  discovered  methods  for 
interposing  it  in  rapid  succession  in  a  current  in  a  minimum 
space  of  time,  depending  upon  the  principle  of  making  and 
breaking  a  current  rapidly  in  a  vacuum. 

The  disruption  of  any  current  in  the  air  results  in  the  formar- 
tion  of  a  spark  of  greater  or  less  length,  and  the  greater  it* 
length,  the  less  sudden  the  break.  Therefore,  if  the  break  l^e 
made  in  a  vacuum,  the  narrowest  conceivable  complete  gap  ia 
the  metallic  conductor  results  in  an  almost  instantaneous  discon- 
tinuance of  current,  ensuring  a  maximum  c.  e.  m.  f.  The  cur- 
rent is  thus  interrupted  in  an  almost  infinitely  short  space  of 
time  as  compared  with  all  the  ingenious  mechanical  contrivances^ 
such  as  air-blasts  and  magnetic  blow-outs  devised  for  the  pur- 
pose of  breaking  a  current  suddenly  in  the  open  air,  but  all  of 
which  are  of  little  avail  for  the  production  of  any  quantity  of 
light. 

The  vacuum  vibrator,  as  shown  in  Fig.  2,  is  the  nucleus  of 
my  invention.  Although  an  exceedingly  small  device  (not  aj» 
large  as  one's  finger)  it  demonstrates  when  in  circuit  with  a  small 
magnet  (not  as  large  as  a  tea  cup),  a  principle  embodying  great 
possibilities.  It  is  a  new  piece  of  apparatus,  exemplifying  a 
principle  of  value  not  only  applicable  in  practical  use,  but  also  an. 
improved  implement  for  scientific  investigatloii. 
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It  is  almost  unnecessary  to  describe  such  a  simple  piece  of  ap- 
paratus, which  consists  merely  of  a  spring  rigidly  supported  at 
one  end,  and  having  attached  to  its  free  end  a  small  disk  of  soft 
iron.  A  contact  point  rests  against  the  spring  at  about  its  centre. 
A  sealed  glass  tube,  from  which  the  air  is  exhausted,  encloses 
both  spring  and  eontact  point.  The  system,  as  a  whole,  is  ex- 
ceedingly simple.  An  electric  current  passes  through  a  coil  of 
wire  and  then  through  the  vacuum  vibrator.  Wires  in  contact 
with  the  outside  of  each  of  the  ends  of  a  closed  and  empty  glass 
tube  are  attached  to  the  two  ends  of  the  coil  of  wire.  This 
statement  embodies  the  gist  of  the  invention.  (Fig.  3.)  It  will 
be  noticed  that  this  system  is  far  simpler  than  the  apparatus  ordi- 
narily used  to  excite  Geissler  tubes.  The  secondary  coil  is  absent, 
reducing  the  expense  and  bulk  many  fold,  as  are  also  the  metalUc 
terminals  sealed  into  the  ends  of  the  Geissler  tube,  but  it  pro- 
duces light,  the  desideratum,  in  wonderfully  increased  volume. 
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Fig.  3.  Fio.  4. 

With  this  apparatus,  currents  of  almost  any  voltage  can  be 
rapidly  and  suddenly  interrupted,  and  it  is  therefore  now  pos- 
sible to  obtain,  by  using  ordinary  commercial  currents,  strong 
light  in  vacuum  tubes. 

When  the  circuit  through  the  magnet  and  vibrator  is  closed, 
the  armature  within  the  vacuum  vibrates  rapidly,  disrupting  the 
current  within  the  vacuum  at  each  vibration. 

The  resulting  high-tension  current  excites  a  brilliant  luminosity 
in  another  tube,  usually  of  much  larger  dimensions,  and  contain- 
ing a  lower  vacuum  than  the  vibrator  tube.  There  is,  therefore, 
a  necessity  for  two  vacuums,  one  the  very  highest,  the  other  very 
low.  However,  I  have  tried  a  number  of  experiments,  using  but 
one  vacuum,  practically  amounting  to  an  enlargement  of  the 
vibrator  tube  and  a  lowering  of  its  vacuum.     (See  Fig.  4.) 

This  is  manifestly  not  a  good  plan  for  the  production  of  light, 
because  the  breaking  of  the  current  does  not  occur  in  a  high 
vacuum,  but  it  led  to  an  interesting  line  of  experiments,  the  most 
Dovel  of  which  will  now  be  brought  to  your  attention. 
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Within  this  low  vacuum  is  placed  a  wire  which  can  be  bent  and 
shaped  into  any  form  desired,  as  shown  in  Fig.  5.  When  con- 
nected to  the  vibrator,  the  beautiful  effect  is  immediately  appar- 
ent, the  wire  being  enveloped  in  a  delicate  purple  glow.  This 
can  be  applied  to  various  purposes,  such  as  advertising.     One 
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wire  only,  connects  this  sign  tube  to  the  vibrator,  and  it 
is  attached  to  the  armature  terminal  of  the  vibrator,  because 
when  so  connected,  it  is  the  one  which  receives  the  high  poten- 
tial discharge  of  the  magnet.  In  the  bulb  now  shown  (Fig.  6), 
the  vacuum  is  higher,  and  a  single  wire  extends  through  the 
centre.  The  light,  instead  of  appearing  as  a  purple  envelope 
around  the  wire,  now  fills  the  entire  chamber  with  a  beautiful 
milky  glow. 

Close  inspection,  however,  reveals  the  fact  that  there  is  a  very 
small  dark  space  immediately  encircling  the  wire,  and  beyond  it 
there  appear  to  be  rapidly  moving  rings  of  light,  concentric  with 
it.  In  fact,  one  is  reminded  of  the  field  of  force  surrounding  a 
conductor,  as  displayed  by  the  familiar  arrangement  of  iron 
filings — indeed,  it  is  a  similar  phenomenon — the  molecules  of  the 
residual  gas  taking  the  place  of  the  iron  filings. 

The  next  bulb  (Fig.  7)  is  similar  to  the  one  last  shown,  but 
with  one  exception.  The  wire  is  not  single  throughout  its  entire 
length  ;  for  a  space  of  about  three  inches  at  its  centre  it  separates 
into  six  strands,  which  thereby  form  a  kind  of  cylindrical  cage 
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about  one-half  inch  in  diameter.  In  this  case  the  entire  bulb  is 
not  tilled  with  a  glow,  but  the  interior  of  the  cylinder  forms  a 
pencil  of  light  quite  dense,  denoting  that  a  new  principle  is 
brought  into  play.  It  is  this — every  current  creates  its  own  elec- 
trostatic field  around  its  conductor,  which,  when  immerseil  in  a  gas 
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at  the  proper  degree  of  rarefaction,  causes  it  to  give  forth  lights 
wliich  is  most  dense  in  a  comparatively  small  circle  surroundin 
the  conductor.     (See  Fig.  8.) 

When  two  wires,  each  having  its  field  of  force,  are  placed 
parallel  to  each  other  and  about  one-half  inch  apart,  the  density 
of  the  field  between  them  will  be  doubled,  and  consequently  the 
light  in  almost  the  same  proportion.  It  will  thus  be  clear  that 
the  pencil  of  light  is  due  to  the  intersecting  or  overlapping  of 
the  fields  of  force  of  each  of  the  six  strands  forming  the  cage. 
Upon  this  new  principle  many  interesting  lamps  have  been  con- 
structed, the  problem  being  to  get  a  maximum  number  of  fields 
of  force  to  intersect.  Probably  the  best  solution  is  in  a  cylinder 
made  by  spirally  winding  a  wire,  as  in  Fig.  9,  causing  its  field 
to  intersect  in  a  manner  that  is  almost  ideal.  This  explanation 
may  seem  at  variance  with  Faraday's  famous  experiment,  prov- 
ing that  an  electrostatic  charge  does  not  reside  in  the  interior  of 
the  charged  body.     The  vacuum  may  make  the  difference. 


Fig.  9.  Pig.  10. 

In  this  bulb  (Fig.  10)  there  are  two  separate  terminals  project- 
ing from  the  glass.  When  the  spiral  is  ccmnected  to  the  negative 
pole  of  the  vibrator,  and  the  other  terminal  is  made  positive,  the 
light  is  t^reatly  increased.  Such  a  lamp  cau  be  very  conveniently 
made  by  using  an  incandescent  lamp  bulb,  as  in  Fig.  11.  The 
bit  of  platinum  wire  extending  into  the  Imlb  and  forming  the 
positive  pole,  can  be  placed  in  any  of  the  positions  1,  2, 3,  4,  5, 
without  affecting  the  light  in  the  spiral,  l)ut  it  is  apt  to  become 
heated,  and  this  is  remedied  by  attaching  to  it  a  metal  wire  ring. 
(See  Fig.  12.) 

In  these  lamps  a  large  proportion  of  the  light  is  confined 
within  the  spiral,  and  since  volume  is  desirable,  the  idea  of  in- 
creasing the  number  of  spirals  suggests  itself,  as  in  Fig.  13.  But 
the  total  volume  of  light  emitted  by  four  spirals  is  only  equal  to 
that  of  a  single  spiml  lamp,  that  is,  each  pencil  is  but  one-fourth 
as  bright ;  hence,  to  bring  them  all  to  full  brightness,  the  energy 
of  the  inductive  current  should  be  increased  in  proportion. 
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Witli  tlie  idea  of  obtaining  from  the  entire  bulb  a  nnifonn  glow, 
tbe  Iftnip  shown  in  Fig.  14  was  constructed.  The  "filament" 
consists  of  a  great  many  complete  loops  of  very  fine  alnminium 
wire.  Fine  wire  was  used,  not  only  because  of  appearance  and 
weight,  but  also  for  two  other  reasons:  1st,  because  a  tine  wire 
has  about  as  large  a  field  of  force  us  a  much  larger  wire;  and, 
2nd,  because  it  does  not  obstruct  the  light  so  much,  and  at  the 
same  time  is  a  minimum  of  metal  within  the  vacuum.  This  is  a 
matter  of  much  importance,  as  upon  it  largely  depends  the  life 
of  the  lamp.  A  great  many  different  conductors  were  used  for 
the  construction  of  these  filaments,  the  main  idea  being  to  use 
that  material  which  contained  the  least  occluded  gas,  and  would 
be  disintegrated  a  minimum  by  the  action  of  the  current.  Fig. 
15  shows  ordinary  incandescent  lamp  filaments  utilized  in  aglow 
lamp,  but  one  leg  only  is  cemented  at  the  centre  of  the  bulb  to 
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the  negative  terminal,  the  other  being  free— a  veritable  fountain  of 
filaments.  A  rather  curious  and  not  entirely  explained  phenoni- 
enou  was  noticed  in  this  form  of  lamp,  vh.,  tbe  free  ends  of  tbe 
filaments  were  apt  to  be  violently  agitated,  and  whenever  they 
touched  the  glass  of  the  bulb,  they  heated  up  to  a  bright  red 
throughout  their  entire  length,  producing  a  most  brilliant  com- 
bination glow  and  incandescent  light.  Many  are  tbe  advantages 
of  these  lamps  over  those  using  fluorescent  materials,  as  the  sul- 
phide of  zinc  or  calcium.  Sometimes  when  the  exhaustion  is 
carried  a  little  too  far,  the  vibrator  current  is  unable  to  affect 
the  lamps,  but  after  they  are  held  in  contact  with  one  pole 
of  a  large  induction  coil  for  a  few  momeuts,  and  then  coimected 
to  the  vibrator  current,  the  trouble  ceases. 

In  all  of  these  forms  of  lamps  it  is  very  interesting  to  not«  that 
in  order  tu  get  maximum  light,  the  sub-divided  terminal  of  the 


«3  MOOftE  ON  VACUUM  TUBE  LIGHTING.  [Apr.  S3 

lamp  must  be  so  connected  to  the  mains  that  it  is  uef^tive.  This 
is  interesting  to  remBtnber  when  the  subject  of  lighting  tubes  is 
considered. 

The  class  of  lamps  will  now  be  considered  where,  instead  of 
sub-dividing  the  lighting  electrode  into  filaments,  plane  surfaces 
are  used. 

The  bulb  in  Fig.  16  contains  two  pieces  of  sheet  aluminium 
equal  in  size,  set  with  their  planes  at  right  anglen  to  each  other, 
in  order  that  a  minimum  of  light  may  be  intermpted  from  an^ 
point  of  view,  and  that  the  positive  will  act  as  a  reflector  to  the 
negative.  These  pieces  of  aluminium  must  be  carefully  cleaned  be- 
fore being  placed  in  the  lamp,  because  any  grease  upon  them  will 
cause  beautiful  tufts  of  light  all  over  their  surfaces,  instead  of  a 
glow  filling  tlie  bulb,  and  the  vacuum  will  soon  be  lost.  Of 
course,  in  a  lamp  of  this  construction  the  poles  can  be  changed 
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with  impunity,  and  if  an  alternating  current  be  passed  through 
the  vibrator,  both  plates  will  give  light,  but  the  total  amount 
will  be  the  same  as  when  direct  current  is  used. 

One  of  the  many  modifications  of  this  form  of  lamp  was  to 
make  the  magnetic  pole  in  the  form  of  a  small  cylinder  of  alu- 
minium gauze. 

Many  lamps  were  made  on  the  principle  of  a  spiral  within  a 
spiral,  wound  in  the  same  or  opposite  directions,  and  also  of 
using  metallic  coatings  on  the  tubes  interior  and  exterior,  as  well 
as  using  bull>s  of  all  shapes  and  sizes.  One  important  advantage 
to  be  noticed  in  all  these  forms  of  lamps  is  the  total  absence  of 
the  very  objectionable  striatione,  such  as  occur  in  the  ordinary 
Geissler  tube. 

Fig.  17  is  a  very  simple  form  of  lamp — merely  a  single  piece 
uf  straight  carbon  filament  producing  the  light. 
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Fig.  18  is  another  of  peculiar  form — an  tinueiial  density  of  white 
light  inside  the  convolutions  of  the  spiral. 

To  determine  whether  there  was  any  appreciable  heat  at  the 
centre  of  an  intense  pencil  of  light,  a  number  of  lampB  were  con- 
structed in  which  variona  substances  were  placed  at  the  point  of 
greatest  density  of  light,  as  in  Fig.  19,  but  in  no  instance  was 
the  substance  affected  in  any  degree  whatever. 

Following  out  this  idea  a  little  further,  there  was  inserted  a 
email  glass  tnbe  containing  air  pi-operly  rarefied  in  the  centre  of 
a  spiral,  as  in  Fig.  20. 

But  the  inside  of  the  small  tube  remained  dart ;  nevertheless, 
the  glow  outside  of  the  spiral,  dark  space  and  other  phenomena, 
even  to  the  tnfls  of  light  Iwtweeu  some  of  the  convolutions  of 
the  spiral  are  the  a»me  as  those  in  a  similar  lamp  without  a  tnbe, 
inside  its  spirf.l. 


Another  lamp  wai^  then  made  the  same  as  the  last,  except  the 
tube  inside  the  spiral  has  a  platinum  wire  extending  into  it, 
which  wire  is  electrically  connected  with  the  spiral  (Fig,  21.) 
Of  course,  the  small  tube  was  tried  separately  before  being  placed 
in  the  lamp  bulb,  and  it  filled  with  a  white  glow.  But  after  the 
lamp  was  completed  it  refused  to  give  any  light ;  the  glow  out- 
side the  spiral,  however,  was  the  same  as  though  there  was  no 
inner  tube  present. 

Hoping  to  get  a  lamp  with  almost  no  metal  in  the  light-pro- 
ducing vacuum,  the  lamp  shown  in  Fig.  22  was  constructed — 
the  spiral  is  within  a  separate  tul>e.  When  tried,  a  tuft  of  light 
appeared  in  the  top  and  bottom  of  the  small  tube  which  was  sur- 
ronnded  by  a  faint  glow,  the  outlines  of  which  are  shown  hy  the 
dotted  line. 

The  next  step  was  to  do  away  with  the  inner  vacuum  and  con- 
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struct  a  bulb  as  shown  in  Fig.  23.  When  a  spiral  was  inserted 
in  the  tube  and  connected  to  the  negative  pole,  the  positive  being 
either  1  or  2,  a  dark  space  one-eighth  inch  deep  surrounds  the 
tube,  beyond  which  a  faint  pinkish  glow  appeared  filling  the  bulb. 
The  phenomena  known  as  "  afterglow,"  which  is  sometimes  no- 
ticed in  evacuated  bulbs  after  having  been  subjected  to  an  elec- 
trostatic strain,  I  have  been  able  to  obtain,  but  very  seldom. 
(Fig.  24.)  However,  this  bulb  could  be  picked  up  and  carried 
around  the  room,  but  every  time  it  was  picked  up  after  being  laid 
down,  a  discharge  resulted,  which,  being  repeated  three  or  four 
times,  dissipated  the  glow  entirely. 

From  a  tube  containing  two  parallel  wires,  shown  in  Fig.  25, 
but  with  a  low  degree  of  exhaustion,  the  glow  was  entirely  ab- 
sent, but  instead,  brilliant,  flaming  yellow  discharges  completely 
tilled  the  space  between  the  wires,  which  was  over  half  an  inch 
wide  and  about  two  feet  long. 

At  the  beginning  of  the  lecture  your  attention  was  called  to 
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the  great  shnilarity  existing  between  the  ticld  of  force  of  a  "cold- 
light  "  giving  conductor  in  a  partial  vacuum,  and  that  of  a  con- 
ductor conveying  a  current  in  the  open  air.  Care,  however, 
should  be  taken  to  note  that  the  light  from  the  rarefied  atmos- 
phere is  due  to  electrostatic  and  not  electromagnetic  phenomena. 

For  example,  I  have  here  a  powerful  electro-magnet  which  I 
connect  directly  across  the  lighting  mains,  and  therefore,  it  is  one 
at  whose  centre  or  core  the  electro-magnetic  field  is  verj'  dense. 
When  this  tube,  which  has  a  diameter  the  same  as  that  of  the 
core  of  the  magnet,  has  about  half  of  its  length  passed  through 
the  centre  of  the  magnet,  no  light  whatever  results.  If,  how- 
ever, but  one  terminal  (the  other  being  free)  of  this  same  magnet 
be  connected  to  the  vibrator,  immediately  the  tube  gives  forth 
light. 

Referring  again  to  the  subject  of  connections.  Fig.  26  shows 
the  light  connected  around  the  terminals  of  the  magnet ;  it  also 
can  be  connected  with  equal  results  around  the  break  or  spark 


1896.]  MOORB  ON  VACUUM  TUBE  LIGHTING.  95 

^ap  as  shown  by  the  dotted  lines.  Your  attention  is  called  to  the 
fact  that  lamps  of  this  kind  will  operate  equally  well,  whether 
connected  in  multiple  or  in  series,  provided  the  area  of  the  nega- 
tive electrode  is  about  the  same  in  each  ;  if  not,  that  one  in  which 
the  negative  electrode  is  of  greatest  area  will  alone  light  up. 

If  a  single  bulb  of  small  size  be  connected  to  a  circuit  of  con- 
siderable induction,  a  well-deiined  discharge  is  liable  to  occur 
which  will  ruin  the  lamp. 

In  Fig.  27  an  inductive  resistance  is  distributed  with  each  lamp, 
making  the  system  of  distribution  self-regulating,  that  is,  the 
turning  on  or  off  of  lamps  will  not  affect  the  brilliancy  of  those 
burning  steadily. 

Kef  erring  again  to  the  diagram  of  circuits  showing  the  system 
in  its  simplest  fonn :  If  good  results  are  to  be  obtained,  the  mag- 
net must  be  designed  and  constructed  with  the  greatest  care.  Its 
<luties  are  tv/o-fold  ;  first,  to  give  the  vibrator  its  mechanical  mo- 
tion, and  second,  to  act  as  an  inductive  resistance.  The  iron  core 
must  be  proportioned  to  the  conditions  of  the  circuit.  If  there 
be  too  much  or  too  little,  the  light  suffers,  but  a  certain  amount 
of  iron  should  remain,  in  order  that  the  magnet  have  sufficient 
power  to  vibrate  the  armature.  Similarly  if  there  be  too  many 
or  too  few  turns  of  wire  on  the  magnet,  the  light  is  decreased. 
From  this  it  is  evident  that  vibrators  of  different  rates  will  not  be 
suitable  to  the  same  magnet.  However,  even  when  a  vibrator  is 
<5onnect«d  to  a  suitable  magnet  and  circuit,  and  produces  a  good 
light,  it  can  l)e  further  improved  by  "  tuning  the  circuit,"  that  is, 
tiltering  its  self-induction  by  varying  the  amount  of  iron  in 
the  magnet's  core.  It  should  also  be  stated  that  by  this  means  a 
maximum  light  is  obtained  from  a  minimum  current.  In  order 
that  the  time  constant  of  the  magnet  be  a  minimum,  and  to  en- 
sure rapid  action,  the  magnets  should  be  short  and  thick.  Large 
induction  coils  cause  the  tubes  or  lamps  to  give  forth  but  little 
light,  while  a  small  magnet,  whose  length  of  wire  is  not  yj^  that 
of  the  induction  coil,  will  cause  the  tubes  and  lamps  to  light  up 
brilliantly. 

It  is  interesting  to  note  that  with  a  comparatively  few  turns  of 
^ire,  a  very  small  one-volt  battery  will  give  quite  a  strong  glow. 
This  glow  can  be  intensified  by  using  a  secondary  coil. 

Although  the  various  lamps  that  have  been  described  are  of 
great  interest,  nevertheless  the  very  nature  of  lighting  by  lumin- 
•escent  gas  is  such,  that  it  is  far  more  applicable  to  radiate  from 
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sources  of  considerable  area  than  from  units  of  light  of  small 
area.  The  best  method  of  obtaining  light  from  a  large  area  is  by 
the  utilization  of  tubes  of  considerable  length,  instead  of  small 
bulbs.  The  light  of  these  tubes  should  be  entirely  free  from  the 
very  objectionable  striations  always  present  when  interior  elec- 
trodes are  used;  but  these  striations  are  entirely  obviated  by 
using  exterior  electrodes.  They  may  be  metal  caps  on  the  out- 
side of  the  tube,  or  preferably  merely  coatings  of  metallic  paint. 
Such  tubes  can  be  made  up  in  almost  any  lengths,  and  can  be 
bent  into  a  great  variety  of  forms,  making  them  suitable  for  ex- 
quisite decorative  eflfects.  Under  this  head  can  be  mentioned 
the  fashioning  of  tubes  in  the  form  of  letters,  which  may  be  used 
as  electric  signs. 

Permit  me  to  call  your  attention  once  more  to  the  key  of  the 
whole  system,  viz.:— -repeated  interruptions  of  an  electric  current 
in  a  high  vacuum. 


n* 


Fig.  27.  Fig.  28.— Electric        Vibrator 

Light  Carbon.       Contact  Points. 

The  simplest  method  of  accomplishing  this  object  is  to  herme- 
tically seal  within  a  glass  tube  a  vibrator  of  ordinary  form,  but 
its  exact  construction  to  give  the  best  results  has  been  a  matter 
of  tedious  experimentation  and  study.  The  very  slightest  altera- 
tion in  the  dimensions  of  almost  any  of  its  parts — such  as  the 
length,  width  and  thickness  of  the  spring,  or  its  method  of  mount- 
ing, or  the  position  of  the  contact  points,  or  the  thickness  or 
diameter  of  the  armature,  will  cause  if  to  be  a  very  good,  or  a 
very  poor  vibrator.  Again,  the  operations  of  the  glass-blower 
had  to  be  watched  most  carefully.  Only  certain  kinds  of  iron 
and  steel  were  selected,  to  avoid  occluded  gases,  and  even  then 
they  nmst  undergo  a  special  treatment  before  being  tit  for  use. 
The  selection  of  suitable  contact  points  has  also  been  a  large  field 
for  research.  Nearly  all  known  conductors  have  been  tried,  and 
many  interesting  facts  have  developed  in  this  connection,  not 
only  so  far  as  the  direct  action  on  the  various  metals  in  vacua 
and  various  gases  is  concerned,  i^and  this  several  in  instances  is 
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the  reverse  of  the  phenomena  noted  in  open  air),  but  also  with 
reference  to  the  electro  deposition  or  electrolytic  action  that  takes 
place.  For  instance,  as  is  well  known,  the  positive  electrode  is  the 
one  which  disintegrates  most  rapidly  in  the  open  air,  and  its  apex 
is  usually  concave.  This  is  probably  best  shown  in  the  ordinary 
direct  current  arc  lamps.  If  aluminium  or  any  soft  metal  of 
comparatively  low  fusing  point  be  used  as  contacts  in  a  vibrator, 
after  about  a  day's  run,  an  examination  shows  that  the  shape  and 
condition  of  the  contacts  is  just  the  reverse  of  the  way  they  appear 
after  use  in  the  open  air.  That  is,  the  positive  terminal  looks 
like  the  negative,  and  the  negative  like  the  positive.  (See 
Fig.  28.) 

I  have  constructed  several  dozen  distinct  varieties  or  amplifica- 
tions of  the  ordinary  type  of  vibrator,  such  as  multiple  contacts, 
etc. 


Fio.  29. 


Fkj.  30. 


Fig.  29  shows  one  form,  in  which  the  object  was  to  produce  a 
larger  number  of  breaks  of  the  current  per  unit  of  time  by  pro- 
viding two  contacts,  as  shown.  In  some  respects  this  scheme 
worked  well,  that  is,  the  light  was  stronger  than  that  produced 
by  an  ordinary  vibrator  with  a  single  magnet,  but  the  light  was 
not  steady,  and  when  the  connections  were  changed  so  that  but 
one  magnet  was  used,  the  light  flickered  still  more.  All  the 
vibrators  so  far  considered,  have  had  their  springs  so  adjusted, 
that  the  contacts  remained  normally  closed.  Fig.  30  shows 
a  circuit  using  a  vibrator  normally  open.  The  small  magnet  con- 
stantly closes  the  circuit,  and  the  large  one  opens  it.  This  ar- 
rangement gave  a  good  light.  A  number  of  ordinary  vibrators 
have  been  operated,  arranged  with  the  magnet  above  the  armature, 
80  that  gravity  helps  close  the  circuit.  Of  course,  springs  and 
armatures  of  scores  of  shapes  and  sizes,  including  gravity  vibra- 
tors, have  been  tried,  the  principal  object  being  to  obtain  a  method 
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for  takiug  up  the  wear  of  the  contact  points ;  but  the  best  ^^olu- 
tion  of  this  problem  lay  in  getting  contact  points  that  would  not 
wear  because  of  a  more  perfect  vacuum. 

Turning  now  from  the  mechanical  construction  of  vacuum 
vibrators  to  consideration  of  their  unique  properties  from  a 
scientific  standpoint.  As  stated  before,  roughly  speaking,  the 
prime  object  of  making  the  break  of  the  current  in  a  vacuum  is 
to  produce  an  increased  c.  k.  m.'f.  over  that  resulting  from  an 
air-break.  But  1  venture  to  say,  few  as  yet  realize  the  possibil- 
ities and  the  tremendous  advantages  involved  in  the  separation 
of  electrodes  in  high  vacua  at  regular  periods  of  time.  It  is 
indeed  questionable  whether  the  increased  c.  e.  m.  f.  of  the  ether 
gap  is  responsible  for  the  results.  It  is  more  probably  due  to 
the  fact  that  the  wave  lengths  of  the  current  resulting  fronj  an 
ether  gap  differ  radically  from  any  that  have  heretofore  been 
known  of.  Recognition  of  the  importance  of  this  phenomenon 
led  me  to  use  the  word  ''  etherie  "  in  connection  with  my  system 
of  tube  lighting,  because  the  light  is  directly  dependent  upon  what 
I  designate  as  the  ether  gap  of  the  vacuum.  Our  best  notion  of 
the  separate  existence  of  the  ether  is  formed  by  thinking  of  tliat 
which  remains  within  a  vacuum  of  the  highest  degree  we  can 
produce.  It  may  have  been  noticed,  that  so  far  I  have  not  used 
the  w^ord  •*  phosphorescent."  It  is  undoubtedly  a  misnomer  as 
applied  to  tube  lighting ;  but  to  make  matters  worse,  there  seems 
to  he  no  word  in  existence  exactly  or  even  approximately  suit- 
able. 

The  word  etherie  is  especially  applicable  to  light  produced  l)y 
the  ether  gap.  That  incomparably  better  results  should  be  ob- 
tained by  using  a  vacuum  as  a  dielectric  seems  to  he  in  perfect 
accord  with  accepted  theory  which  has  largely  been  upheld  by 
actual  experimentation.  Vov  example,  setting  aside  for  the  time 
being  that  part  taken  by  the  magnet,  let  us  consider  only  the 
break, — the  spark. 

First,  what  is  recpiired  is  a  continuance  of  the  rapid  oscilla- 
tions of  an  electric  discharge,  and  I  desire  to  show  that  this 
is  accomplished  by  a  vacuum  vibrator  in  an  ideal  manner.  One 
method  of  obtaining  an  oscillating  discharge  is  to  use  a  potential 
such  that  an  air-gap  of  considerable  width  is  l)ridged  by  the 
spark.  But  the  manner  in  which  such  discharges  succeed  each 
other  largely  depends  upon  the  irregular  movement  of  the  air 
within  the  gap. 
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This  method  is  unsatisfactory  for  many  other  reasons,  among 
them  the  very  objectionable  high  tension  required,  but  there  re- 
mains the  conductive  method  of  causing  a  spark,  exemplified  in 
the  ordinary  vibrator  and  induction  coil.  Here  the  sparks  in  the 
primary  circuit  can  be  made  to  succeed  each  other  quite  rapidly, 
but  the  length  of  time  required  for  each  complete  break  is  long. 
However,  with  the  vacuum  vibrator,  a  new  and  simple  device, 
the  conditions  are  different,  and  so  are  the  results.  Here  the 
dielectric  is  an  exceedingly  thin  film  of  ether,  which  is  capable 
of  withstanding  a  great  electrostatic  strain,  but  when  it  does 
break  down,  it  does  so  very  suddenly ;  that  is,  it  may  be  consid- 
ered a  perfecUy  disruptive  discharge,  and  therefore  its  single 
oscillations  Are  very  short ;  but  as  a  whole  they  are  long  contin- 
ued. This  means  that  the  frequency  is  high,  and,  according  to 
Maxwell,  very  high  frequency  oscillations  are  probably  identical 
with  light. 

The  small  magnet,  being  a  circuit  of  induction,  has  its  own  nat- 
ural period.  But  its  i>eriod  and  moment  of  inertia  will  be  less,  the 
less  its  capacity.  That  is,  the  smaller  the  magnet  the  smaller  the 
period,  or  the  higher  its  frequency  can  be. 

But  to  have  an  intense  light,  there  is  required  a  high  e.m.f.  of 
self-induction.  This  the  small  magnet  furnishes,  because  what 
is  lost  in  self-induction  by  using  a  comparatively  few  turns 
of  wii-e  is  more  than  made  up  by  the  suddenness  of  the  discon- 
tinuance of  current  flow,  and  the  fact  that  the  high  vacuum  pre- 
cludes the  possibility  of  loss  to  the  self-induction  ordinarily  due 
to  the  glow  discharge  which  precedes  the  disruptive  discharge  in 
the  air.  The  self-induction  also  depends  on  the  wrnomit  of  cur- 
rent flowing  through  a  circuit  when  interrupted,  and  this  the  vi- 
brator provides  for,  in  that  all  the  current  which  flows  through 
the  coil  does  not  pass  through  an  arc,  but  is  transmitted  over  ac- 
tual metal  contacts.  Also  since  these  contacts  are  so  very  close, 
due  to  the  thinness  of  the  dielectric,  the  oscillatory  discharges  do 
not  leave  the  metal  and  pass  in  objectionable  minute  streams 
through  the  vacuum.  And  the  number  of  oscillations  in  the  coil 
and  the  amount  of  lificht,  depend  in  a  measure  on  energy  ex- 
pended to  overcome  the  resistance  of  the  dielectric  which  is  al- 
most infinitely  greater  than  that  of  air. 

That  the  silent  discharge  prevents  long  continuance  of  oscilla- 
tion is  shown  in  the  Hertz  experiments,  where  the  experiment 
fails  unless  the  balls  of  the  electrodes  are  kept  polished.     That 
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for  taking  up  the  wear  of  the  contact  points ;  but  the  best  solu- 
tion of  this  problem  lay  in  getting  contact  points  that  would  not 
wear  because  of  a  more  perfect  vacuum. 

Turning  now  from  the  mechanical  construction  of  vacuum 
vibrators  to  consideration  of  their  unique  properties  from  a 
scientific  standpoint.  As  stated  before,  roughly  speaking,  the 
prime  object  of  making  tlie  break  of  the  current  in  a  vacuum  is 
to  produce  an  increased  c.  e.  m.'k.  over  that  resulting  from  an 
air-break.  But  1  venture  to  say,  few  as  yet  realize  the  possibil- 
ities and  the  tremendous  advantages  involved  in  the  sepaiation 
of  electrodes  in  high  vacua  at  regular  periods  of  time.  It  is 
indeed  questionable  whether  the  increased  c.  k,  m.  f.  of  the  ether 
gap  is  responsible  for  the  results.  It  is  more  probably  due  to 
the  fact  that  the  wave  lengths  of  the  current  resulting  f  roui  an 
ether  gap  diflfer  radically  from  any  that  have  heretofore  been 
known  of.  Recognition  of  the  importance  of  this  phenomenon 
led  me  to  use  the  word  ''etheric"  in  connection  with  my  system 
of  tube  lighting,  because  the  light  is  directly  dependent  upon  what 
I  designate  as  the  ether  gap  of  the  vacuum.  Our  best  notion  of 
the  separate  existence  of  the  ether  is  formed  by  thinking  of  tliat 
which  remains  within  a  vacuum  of  the  highest  degree  we  can 
produce.  It  may  have  been  noticed,  that  so  far  I  have  not  used 
the  word  •*  phosphorescent."  It  is  undoubtedly  a  misnomer  as 
applied  to  tube  lighting ;  but  to  make  matters  worse,  there  seems 
to  be  no  word  in  existence  exactly  or  even  approximately  suit- 
able. 

The  word  etherie  is  especially  applicable  to  light  produced  by 
the  ether  gap.  That  incomparably  better  results  should  be  ol>- 
tained  by  using  a  vacuum  as  a  dielectric  seems  to  be  in  perfect 
accord  with  accepted  theory  which  has  largely  been  upheld  by 
actual  experimentation.  For  example,  setting  aside  for  the  time 
being  that  part  taken  by  the  magnet,  let  us  consider  only  the 
break, — the  spark. 

P'irst,  what  is  required  is  a  continuance  of  the  rapid  oscilla- 
tions of  an  electric  discharge,  and  I  desire  to  show  that  this 
is  accomplished  by  a  vacuum  vibrator  in  an  ideal  manner.  One 
method  of  obtaining  an  oscillating  discharge  i«  to  use  a  potential 
such  that  an  air-gap  of  considerable  width  is  bridged  by  the 
spark.  But  the  manner  in  which  such  discharges  succeed  each 
other  largely  depends  upon  the  irregular  movement  of  the  air 
within  the  gap. 
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This  method  is  unsatisfactory  for  many  other  reasons,  among 
them  the  very  objectionable  high  tension  required,  but  there  re- 
mains the  conductive  method  of  causing  a  spark,  exemplified  in 
the  ordinary  vibrator  and  induction  coil.  Here  the  sparks  in  the 
primary  circuit  can  be  made  to  succeed  each  other  quite  rapidly, 
but  the  length  of  time  required  for  each  complete  break  is  long. 
However,  with  the  vacuum  vibrator,  a  new  and  simple  device, 
the  conditions  are  different,  and  so  are  the  results.  Here  the 
dielectric  is  an  exceedingly  thin  film  of  ether,  which  is  capable 
of  withstanding  a  great  electrostatic  strain,  but  when  it  does 
break  down,  it  does  so  very  suddenly ;  that  is,  it  may  be  consid- 
ered a  perfectly  disruptive  discharge,  and  therefore  its  single 
oscillations  Are  very  short ;  but  as  a  whole  they  are  long  contin- 
ued. This  means  that  the  frequency  is  high,  and,  according  to 
Maxwell,  very  high  frequency  oscillations  are  probably  identical 
with  light. 

The  small  magnet,  being  a  circuit  of  inductidn,  has  its  own  nat- 
ural period.  But  its  period  and  moment  of  inertia  will  be  less,  the 
less  its  capacity.  That  is,  the  smaller  the  magnet  the  smaller  the 
period,  or  the  higher  its  frequency  can  be. 

But  to  have  an  intense  light,  there  is  required  a  high  e.h.f.  of 
self-induction.  This  the  small  magnet  furnishes,  because  what 
is  lost  in  self-induction  by  using  a  comparatively  few^  turns 
of  wire  is  more  than  made  up  by  the  suddenness  of  the  discon- 
tinuance of  current  flow,  and  the  fact  that  the  high  vacuum  pre- 
cludes the  possibility  of  loss  to  the  self-induction  ordinarily  due 
to  the  glow  discharge  which  precedes  the  disruptive  discharge  in 
the  air.  The  self-induction  also  depends  on  the  ainouni  of  cur- 
rent flowing  through  a  circuit  when  interrupted,  and  this  the  vi- 
brator provides  for,  in  that  all  the  current  which  flows  through 
the  coil  does  not  pass  through  an  arc,  but  is  transmitted  over  ac- 
tual metal  contacts.  Also  since  these  contacts  are  so  very  close, 
due  to  the  thinness  of  the  dielectric,  the  oscillatory  discharges  do 
not  leave  the  metal  and  pass  in  objectionable  minute  streams 
through  the  vacuum.  And  the  number  of  oscillations  in  the  coil 
and  the  amount  of  light,  depend  in  a  measure  on  energy  ex- 
pended to  overcome  the  resistance  of  the  dielectric  which  is  al- 
most infinitely  greater  than  that  of  air. 

That  the  silent  discharge  prevents  long  continuance  of  oscilla- 
tion is  shown  in  the  Hertz  experiments,  where  the  experiment 
fails  unless  the  balls  of  the  electrodes  are  kept  polished.     That 
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the  vacuum  vibrator  is  nearly  ideal,  is  again  shown  in  that  tliese 
troubles  are  almost  entirely  eliminated.  The  ether  is  undoubt* 
edly  the  ideal  medium  in  which  to  disrupt  an  inductive  circuit 
for  conversion  into  light.  Since  an  exceedingly  thin  film  (if  this 
term  may  be  so  used)  is  a  dielectric  of  such  strength  that  a  very 
small  displacement  results  when  it  is  disrupted,  and  the  ether 
being  the  medium  of  minimum  rigidity  closes  the  "hole"  the 
instant  it  is  pierced.  Such  a  medium  for  such  a  purpose  is  al- 
most incomparable  to  air  or  oil,  which  becomes  volatilized. 

In  order  to  get  any  oscillations,  more  sudden  rushes  of  current 
must  occur  on  discharging  than  on  charging,  and  the  more  nearly 
these  e<[ual  each  other,  the  quicker  the  rushes  will  succeed  each 
other.  Now,  in  the  case  in  question,  when  the  tube  circuit  with 
its  condenser  coatings  has  a  certain  capacity,  the  self-induction  of 
the  magnet  can  be  so  varied  that  these  two  will  always  neiitralize 
each  other,  and  then  the  critical  strain  on  the  dielectric  requires 
but  little  energy  to  cause  a  discharge,  and  the  circuit  being  al- 
most balanced,  the  surges  follow  each  other  in  rapid  succession 
through  the  tube.  The  surges  continue  for  a  longer  time,  since 
tlie  energy  of  the  discharge  is  not  dissipated  in  heat  on  the  air, 
but  is  conserved  to  be  utilized  in  prolonging  the  existence  of  the 
oscillations.  The  use  of  this  vibrator  seems  to  afford  the  best 
means  yet  invented  for  impressing  molecular  disturbances  in  a 
tube.  The  longer  the  oscillations  exist,  the  more  nearly  the 
mean  oscillation  approaches  a  constant  period,  and  this  period  is 
practically  governable  as  compared  with  that  of  currents  due  to 
magnetic  blasts  or  heated  air  currents.  The  higher  the  fre- 
quency, the  greater  the  mean  free  paths  of  the  molecules,  be- 
cause a  less  number  of  molecules  will  then  be  i-equired  to  cause 
a  given  number  of  collisions,  and  the  less  the  number  of  impacts, 
the  greater  will  be  the  light  in  proportion  to  the  heat.  But  the 
fre(juency  is  dependent  on  the  capacity  of  the  condenser,  which, 
in  the  case  of  the  tube  coatings,  is  very  small. 

When  the  self-induction  and  capacity  are  properly  proportioned, 
and  the  rate  of  the  vibrator  is  the  same  as  the  natural  period  of 
the  coil,  or  any  of  its  harmanwdj  then  there  is  resonance,  and 
the  maximum  amplitude  of  each  impulse  will  be  constant.  In 
this  case  the  current  How  is  at  its  maximum,  but  so  also  is  the 
voltage  at  the  ends  of  the  tube,  as  well  as  the  quantity  of  light 
produced  with  a  minimum  expenditure  of  energy.  The  velocity  of 
the  lines  of  force  produced  by  an  oscillatory  discharge  is  supposed 
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to  be  equal  to  that  of  light,  but  its  wave  lengths  are  exceedingly 
greater.  But  this  disparity  is  greatly  reduced  by  the  vacuum 
vibrator.  This  accounts  for  the  intense  light  in  the  tube  at  com- 
paratively low  potentials,  and  indicates  that  nature's  keyboard 
has  been  struck  to  the  tune  of  500  trillions  of  waves  per  second, 
and  that  this  rate  is  maintained  bv  the  fundamental  mechanical 
vibrations  of  the  vibrator — about  100  per  second — a  most  beauti- 
ful demonstration  of  nature's  wonderful  compass.  But  not  only 
is  more  light  produced  by  the  vacuum  vibrator  than  was  hereto- 
fore obtainable,  but  there  accompanies  it  many  other  advantages 
of  particular  importance.  Three  of  these  can  be  mentioned  : — 
first,  simplicity  and  greatly  reduced  cost  of  apparatus; 
second,  the  obviation  of  impracticable  potential,  and  third,  a  very 
marked  advance  in  economical  production.  The  first  heading, 
simplicity,  has  already  been  dwelt  upon.  Compare  an  inexpen- 
sive magnet,  not  as  large  as  one's  hand,  and  a  vibrator  the  size  of 
one's  finger,  attached  to  commercial  currents;  with  apparatus 
costing  thousands  of  dollars,  consisting  of  a  high  speed  alternating 
dynamo  of  many  coils,  oil  transformers,  disruptive  discharges 
with  magnetic  blast,  induction  coils  and  condensers.  The  many 
seemingly  insurmountable  difficulties  encountered  with  this 
method,  are  almost  completely  overcome  by  the  simple  expedient 
of  the  ether  gap.  Or,  referring  to  ordinary  induction  coils,  the 
vacuum  break  affords  a  means  for  obtaining  from  the  few  turns 
of  comparatively  coarse  wire,  results  not  obtainable  with  mam- 
moth and  expensive  coils,  made  of  many  miles  of  wire,  and  cap- 
able of  creating  enormous  differences  (»f  potential. 

The  second  heading  is  essentially  a  practical  one.  It  has  often 
been  argued,  to  the  detriment  of  tube  lighting,  that  since  it  was 
admitted  by  its  supporters  that  enormously  high  potentials  were 
absolutely  requisite  to  cause  any  appreciable  amoimt  of  light, 
that  therefore  (and  the  argument  was  logical)  the  whole  idea  was 
extremely  impracticable  unless  some  new  insulator  be  discovered, 
that  could  cope  with  the  high  potentials,  so  difficult,  dangerous 
and  expensive  of  generation  and  manipulation,  as  to  prohibit 
their  use  commercially.  But  with  a  current  endowed  with  such 
properties  as  are  given  it  by  a  vacuum  tube  vibrator,  no  new  in- 
sulator is  needed. 

A  light  now  results  many  times  brighter  than  that  formerly 
due  to  millions  of  volts,  able  to  pierce  several  inches  of  hard 
rubber,  or  produce  a  spark  many  inches  in  length,  from  a  current 
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transmitted  to  the  bulb  or  tube  over  ordinary  flexible  cord,  and 
whose  sparking  distance  is  less  than  -^  of  an  inch.  Neither  can 
any  sliock  be  felt  from  such  a  current.  Another  example  of  the 
comparative  ease  with  which  this  new  current  can  be  insulated 
is  apparent  in  the  magnets,  wound  in  the  ordinary  manner,  in 
striking  contrast  with  the  necessity  for  expensive  and  cumber- 
some oil  transformers.  In  this  light  the  exclusion  of  all  gaseous 
matter  does  not  seem  to  be  a  matter  of  such  vital  importance. 

Closely  allied  with  the  subject  of  insulation  is  that  of  frequency. 
The  higher  the  frequency,  the  lower  the  j>otential  can  be,  not 
only  with  respect  to  light,  but  also  to  insulation,  because  irreg- 
ularity in  the  rate  of  vibration  puts  the  insulation  to  a  severe 
test.  However,  the  period  of  the  vibrator  is  not  rapid  as  com- 
pared to  that  of  alternating  dynamoe,  constructed  to  obtain  similar 
lighting  effects,  but  resulting  in  those  of  lesser  degree.  The  al- 
ternations of  such  a  machine  are  about  30,000  per  second,  which 
is  further  increased  by  a  disruptive-discharge  coil.  This  was 
necessary  to  compensate  for  the  long  wave  lengths  of  the  current. 
But  since  these  lengths  are  so  much  shorter  in  the  vacuum  vibrator 
current,  an  initial  frequency  one-tifth  as  great,  without  the  use 
of  additional  coils  and  condensers,  produces  far  better  results. 
But  that  an  ordinarily  constructed  vibrator  can  attain  a  speed  of 
6,000  per  minute,  may  be  (juestioned,  when  it  is  remembered 
that  induction  coil  vibrators  work  at  a  rate  of  but  a  little  over 
1,000.  The  difference  lies  in  the  fact,  that  the  vacuum  vibrator 
has  no  .air  pressure  to  impede  its  movements,  and  also  that  a 
much  shorter  space  of  time  is  required  for  a  single  complete  in- 
terruption, because  the  actual  mechanical  movement  can  be  much 
less,  yet  cause  a  complete  break,  and  another  cycle  has  begun. 
The  speed  of  the  vibrators  is  ascertained  in  two  waysr—first,  by 
comparing  the  musical  note  it  produces  with  that  of  a  pitch  pipe, 
and  secondly,  by  a  visual  arrangement  constructed  and  operated 
as  follows : 

A  shaft,  supporting  a  wheel  with  one  spoke,  is  rotated  rapidly 
by  hand,  a  series  of  multi|)lying  gears  being  used,  so  that  when 
the  hand  makes  one  revolution  per  second,  the  spoke  makes 
twenty.  When  this  apparatus  is  operated  in  a  room,  lighted 
only  by  a  single  vacuutn  tube,  the  spoke  will  appear  stationary  in 
one,  two,  or  three  positions,  according  to  the  rate  o*^  the  vibrator. 
For  example,  if  the  spoke  appears  stationary  in  two  ])osition8,  it 
indicates  that  it  is  illuminated  twice  in  a  single  revolution,  each 
jjna^e  being  due  to  a  \nbration. 
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Another  subject,  which  has  been  a  serious  obstacle  in  former 
proposed  systems,  is  that  of  impedance.  The  fact  that  the  best 
conductors  would  cease  to  transmit  current,  seemed  a  difficulty 
almost  insurmountable ;  yet  it  appears  to  be  almost  absent  under 
these  new  conditions.  For  example,  when  a  large  coil  is  inserted 
in  the  high  potential  lead  from  the  armature  terminal  to  the 
tube,  the  effect  on  the  light  is  surprisingly  small.  The  result  is 
the  same,  whether  the  wire  be  in  the  form  of  a  magnet,  or  in  a 
long  exposed  line  But,  nevertheless,  on  account  of  line  losses, 
it  is  advantageous  to  prevent  condenser  action  by  using  a  wire  as 
small  as  possible,  yet  able  to  stand  the  strain  it  is  subjected  to 
when  its  insulation  is  being  placed  upon  it.  Although  the  light 
produced  by  a  single  wire  is  quite  good,  it  is  decidedly  advisable 
for  best  results  to  use  a  retuni  wire,  because  the  fundamental 
frequency  is  so  low. 

The  third  subject — economy — is  so  large,  and  of  such  import- 
ance that  I  deem  it  expedient  to  make  it  the  subject  of  a  fu- 
ture paper  when  accurate  measurements  have  been  made.  In- 
deed!, it  is  second  only — but  it  is  second — to  the  nucleus  of 
the  whole  investigation,  viz,,  getting  light.  The  efficiency  of 
the  lighting  tube  is  well  established,  due  principally  to  the 
great  amount  of  light  accompanied  by  so  little  heat  that  it  has 
by  s<mie  been  called  ''  cold  "  light.  The  temperature  of  the  gas 
within  the  tube  varies  with  the  density  of  the  discharge  from  12** 
to  132''  C;  but  even  this  is  improved  by  the  shorter  wave 
lengths.  These  figures  are  extremely  low,  as  compared  with  tem- 
peratures as  high  as  3,500°  fy.,  which  must  l)e  reached  by  some 
substances  in  order  that  the  light  be  white  and  the  spectrum  com- 
plete. 

Owing  to  the  peculiar  characteristics  of  the  current,  the  line 
losses  are  materially  decreased,  and  the  current  flowing  through 
the  primary  circuit  is  less  when  the  tube  is  giving  light,  than 
when  it  is  disconnected.  There  are  almost  no  losses  for  motive 
power  to  disrupt  the  current,  for  the  magnet  is  its  own  motor. 
But  the  greatest  loss  has  always  been  in  the  disruptive  discharge, 
— the  spark.  It  is  remarkable  how  easily  several  horse-power 
can  be  dissipated  in  the  air  through  the  intervention  of  a  disrup- 
tive discharge.  In  this  connection  it  should  be  borne  in  mind 
that  magnetic  blow-outs  and  air  currents  are  merely  heat  dissi- 
pators,  and  increase  the  loss,  while  these  losses  are  entirely  ob- 
viated   by  the   vacuum    vibrator.     The   current   can   perform  a 
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large  amount  of  work  on  the  air,  unlimited  in  volume,  with  no 
apparent  results;  but  when  thisVolunie  is  reduced  to  the  compass 
of  a  small  vibrator  tube  which  remains  perfectly  cool  in  opera- 
tion, does  not  the  question  of  efficiency  assume  a  different 
aspect  ? 

Upon  these  reasons  may  be  based  logical  conclusions,  pointing 
to  an  enormous  increase  in  efficiency  over  that  of  all  other  meth- 
ods of  obtaining  light  in  tubes. 

The  theory  which  has  just  been  considered,  of  course,  is  not 
limited  to  a  simple  vibrator,  but  applies  broadly  to  any  method 
of  interrupting  the  flow  of  current  through  a  high  vacuum. 
This  can  be  accomplished  in  a  great  variety  of  ways,  although 
as  far  as  simplicity  of  apparatus  is  concerned,  the  regular  spring 
vibrator,  in  connection  with  a  single  magnet,  probably  cannot  be 
improved  upon. 

The  first  deviation,  however,  is  to  use  a  very  small  magnet  to 
vibrate  the  armature,  and  to  connect  this  in  series  with  a  larger 
one  to  furnish  the  induction.  But  in  these  cases  the  power  of 
the  operating  magnet  depends  on  the  current  passing  over  the 
contact  points ;  hence  to  make  the  light  wliich  is  dependent  on 
the  contact  points  perfectly  positive,  the  power  should  not 
be  dependent  upon  them,  and  separate  circuits  suggest  them- 
selves— that  is,  cause  an  intermittent  current  to  flow  through  the 
power  magnet  that  does  not  flow  through  the  contact  points 
of  the  vibrator,  which  have  in  circuit  with  them  the  inductive 
magnet.  Or  the  electrodes  can  be  separated  by  mechanical  jarring 
instead  of  magnetic  power  acting  through  the  glass. 

If  an  ordinarily  constructed  vibrator  be  attached  to  any  form 
of  rapidly  oscillating  mechanism,  the  contacts  within  will  lie 
opened  and  closed  rapidly.  But  in  order  that  the  light  be 
steady,  the  movements  of  the  vibrator  armature  nmst  be  in  step 
with  the  movements  of  its  mechanical  support.  This  is  best  ac- 
complished by  having  the  centre  of  the  oscillation  of  the  vibrat- 
ing armature  coincident  with  that  of  its  oscillatuig  support. 

It  is  plain  that  it  is  unnecessary  that  the  current  be  inter- 
rupted by  a  reciprocal  motion  only;  a  rotary  motion  is  also  ap- 
plicable. 

Fig.  31  shows  a  form  somewhat  analogous  in  operation  to  the 
simplest  vibrator,  except  that  tiie  rotary  momentum  of  the  arma- 
ture takes  the  place  of  a  spring,  and  the  break-wheel  which  fur- 
nishes the  light,  also  acts  as  a  commutator  to  the  simple  form  of 
motor. 
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A^nother  way  of  obtaining  a  rotary  motion  within  a  vacuum  is 
to  attach  a  pendant  weight  to  a  ratchet  wheel,  free  to  rotate 
npon  a  shaft  attached  to  which  is  the  brush.  Since  the  shaft  is 
ri^dly  sealed  into  the  glass,  it  is  evident  that  when  the  bulb  be 
rotated  by  a  motor,  the  brush  will  revolve  around  the  break 
wheel.  The  fault  with  the  device  is  that  the  pendulum  will  have 
a  vibration  of  its  own,  causing  the  light  to  waver. 

In  order  that  the  make-and-break  devices  dependent  upon  a 
rotary  motion  be  absolutely  positive,  a  rotating  magnetic  field  has 
been  utilized.  Since  the  experimental  side  of  these  investiga- 
tions has  extended  over  but  a  few  months,  it  is  at  present  diffi- 
cult to  say  upon  which  of  these  methods,  developed,  the  system 
will  take  final  form. 

Returning  once  more  to  the  subject  of  the  light  in  the  tube. 
It  is  interesting  to  note,  that  although  the  most  intense  light  is 
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produced  when  both  of  the  end>;  of  the  tube  are  connected  to 
the  electrodes,  it  is  well  known  that  light  also  results  when  the 
tube  is  merely  placed  near  an  electrode  without  actual  contact. 
This  phenomenon  is  known  as  lighting  by  induction. 

If  an  inductive  circuit,  sufticiently  powerful  to  brilliantly  il- 
luminate a  tube  four  feet  long,  be  transferred  to  one  two  feet  long, 
there  will  appear  at  the  center  of  this  small  tube  a  very  intense 
thread  of  silvery  white  light,  which  undulates  as  if  it  were 
A  material  substance.  It  is  interesting  to  contrast  the  color 
of  the  light  of  these  tubes  with  that  of  an  incandescent  lamp. 
The  reddish  and  wasteful  glare  of  the  latter,  indicating  heat 
waves,  and  the  pure  daylight  white  of  the  former,  is  immedi- 
ately apparent,  it  is  this  difference  in  color  that  makes  an  efiici- 
•ency  calculation  so  difficult.     It  is  very  easy  to  ask  the  question  : 
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How  many  watts  per  caudle-power  i  But  in  most  instances  it 
indicates  a  lack  of  information  on  the  part  of  the  questioner.  The 
(juestion  should  be :  How  many  watts  per  amount  of  light  equi- 
valent to  one  candle-power  i  But  even  this  is  not  perfectly  cor- 
rect, because  it  is  well  nigh  impossible  to  compare  accurately 
lights  of  a  different  color  and  power  of  diffusion.  When  the  v^e 
the  light  is  to  be  put  to  is  stated,  the  problem  is  much  more 
simple.  For  instance,  if  it  is  to  be  used  to  read  by,  the  range  of 
legibility  can  be  made  the  basis  of  comparison  l>etween  the  true 
glow  lamp  and  the  candle.  This  most  popular  form  of  illumina- 
tion, from  the  12th  to  the  beginning  of  this  century,  is  still  the 
standard  of  lUnmination,  although  it  is  probable  it  will  soon  be 
deprived  of  this  honor.  1  may  be  pardoned  for  calling  your  at- 
tention to  the  remarkable  intensity  of  the  light  in  these  tubes,  in 
connection  with  the  statements  repeatedly  made  by  eminent  sci- 
entists, that  such  intensity  was  an  impossibility,  and  that  efforts 
in  this  direction  were  comparable  to  those  wasted  on  perpetual 
motion.  It  is  merely  another  instance  of  history  repeating  itself, 
in  that  in  all  times  the  inertia  of  the  learned  has  interfered  more 
with  the  progress  of  science  than  has  ignorance.  Be  it  remem- 
bered that  the  commercial  incandescent  lamp  was  an  acknowl- 
edged impossibility  among  scientific  men,  and  that  by  them  the 
proposed  Atlantic  cable  was  considered  foolishness.  If  there  he 
but  one  lesson  taught  by  our  times,  it  is,  condemn  nothing  n**w 
in  religion,  science  or  art  without  thorough  investigation,  and 
even  then  be  careful,  because  many  suggestions,  though  of  little 
value  themselves,  have  led  to  great  advancement.  It  is  also  well 
to  remember  that  there  is  almost  a  creative  force  in  the  spirit  that 
is  earnest  and  courageous.  The  light  having  reached  the  intensity, 
as  you  see  it  in  this  tube,  it  is  questionable  whether  much  greater 
intensity  is  wanted.  The  vibrator,  as  ap])lied  to  the  electric  l>ell, 
was  the  first  practical  application  of  electric  power,  and  to-day 
we  see  the  same  vibrator  in  a  '*  new  light." 

The  very  nature  of  the  light,  if  it  is  to  be  counterpart  of  the 
ideal-daylight,  is  such  that  when  a  square  inch  of  the  surface  of 
the  tul)e  emits  as  much  light  as  that  thrown  into  a  room  through 
an  aperture  one  inch  square,  the  want  is  satisfied.  Then  the  desired 
illumination  can  be  reached  l)y  multiplying  the  area  and  length 
of  the  tubes,  and  distributing  them  in  the  most  advangeous  man- 
ner, that  is,  so  that  the  light  w^ill  fall  from  all  directions.  When 
a  considerable  area  is  to  l)e  lighted,  the  most  efficient  light  is  the 
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one  that  is  mwt  equally  distributed  However,  there  will  always 
be  a  demand  for  unit^  of  light  hven  this  can  )>e  satistied  by 
using  a  tube  of  small  calibre  This  lamp  ib  made  by  winding  a 
Bmall  tnbe  in  tlit.  form  of  a  spiral   ib*  ends  to  which  the  wires 


are  attached,  terminating  in  oblong  bulbs  three  or  four  times  the 
diameter  of  the  small  tube. 

I  have  previously  stated  that  the  alphabet  lias  been  constructed 
of  tnl>e6  of  light.  Here  are  the  initials  of  the  body  I  have  the 
honor  to  address.  A.  I.  E,  E.,  in  letters  twelve  ineliee  high.    The 
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delicate  shades  of  these  letters  cannot  fail  to  elicit  admiration 
from  all  who  love  the  beautiful. 

The  principle  of  breaking  a  circuit  in  a  vacuum  has  many  ap- 
plications to  a  variety  of  uses.  Among  them  may  be  mentioned, 
advertising  signs,  decorative  electric  lighting,  electrotherapy, 
philosophical  apparatus,  theatrical  effects,  in  the  manufacture  of 
ozone,  in  the  kinetoscope,  etc.,  etc. 

But  the  greatest  field  will  ultimately  be  that  of  general  illumin- 
ation. You  have  noticed  the  tubes  extending  around  this  hall. 
Undoubtedly  this  is  the  first  time  that  lighting  by  tubes  has  been 
attempted  on  so  large  a  scale.  You  will  note  the  almost  entire 
absence  of  shadows. 

FiiT.  32  illustrates  what  we  are  coming  to  in  the  way  of  church 
lighting.  For  some  time  past  everything  has  pointed  to  the 
general  adoption  sooner  or  later  of  some  such  form  of  illumina- 
tion, and  since  volumes  of  light  can  now  be  produced,  and  of 
commercial  intensity,  does  it  not  indicate  that  already  this  light 
is  a  matter  for  serious  practical  consideration,  and  no  longer  a 
pyrotechnic  curiosity  I 

But  the  only  way  in  which  one  can  form  a  comprehensive  oi 
appreciative  idea  of  what  advance  in  this  line  of  work  really 
means,  is  to  compare  the  situation  of  to-day  with  that,  not  of  a 
hundred  years  ago  only,  but  with  that  of  only  twelve  months  ago, 
and  note  the  contrast. 


Discussion. 

[Owing  to  lack  of  time  at  the  meeting  of  April  22d,  there 
was  no  opportunity  to  discuss  Mr.  Moore's  paper.  The  follow- 
ing discussion  took  place  at  the  General  Meeting  May  20th,  1896.] 

Mr.  C.  p.  Steinmetz: — Mr.  President  and  Gentlemen.  While 
reading,  and  afterwards  listening  to  the  presentation  of  the  paper 
on  "  Recent  Developmentjs  of  Vacuum  Tube  Lighting,"  a  num- 
ber of  points  occurred  to  me  with  which  I  cannot  agree.  The 
foremost  criticism  which  I  have  to  make  against  the  paper  as  a 
whole,  is  the  same  as  that  which  I  had  to  make  only  recently 
against  another  paper,  namely,  that  it  contains  a  number  of  vague 
claims  and  statements,  without  offering  any  proof  for  them. 

Coming  now  to  an  analysis  of  the  paper,  1  find  on  the  second 
page  a  statement  with  which  I  must  beg  to  disagree,  namely,  that 
the  paper  "represents  radical  departures  in  principle,  in  appar- 
atus, and  in  the  nature  of  the  current." 

The  electrostatic  discharge  is  produced  by  a  sudden  cliange  in 
the  electric  circuit,  consisting  of  a  make  and  break  of  the  circuit. 
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This  is  precisely  the  same  method  used  since  the  early  days  of 
the  Ruhmkorff  coil,  with  the  only  exception  that  the  interrupter 
is  placed  in  a  vacuum.  The  absence  of  a  secondary  coil  is  not 
new,  but  not  desirable  where  the  primary  e.  m.  f.  is  very  low,  as 
a  battery  cell,  as  stated  on  page  95. 

The  allusion  to  the  ponderous  alternator,  oil  transformers,  mag- 
netic blasts,  the  millions  of  volts  required,  etc.,  is  obviously  gross 
exaggeration. 

One  disadvantage  of  this  vacuum  interrupter,  compared  with 
the  condenser  discharge  across  a  spark-gap,  has  been  already 
noticed  by  the  lecturer.  While  the  condenser  discharge  througli 
the  spark-gap  makes  its  own  frequency,  with  the  vacuum  inter- 
rupter the  circuit  has  to  be  carefully  adjusted  to  some  condition 
of  resonance.  That  the  nature  of  the  current  produced  by  the 
vacuum  interrupter  does  not  differ  in  any  way  irom  that  of  any 
electrostatic  discharge, — either  oscillatory  or  steady,  according  to 
the  circuit  conditions, — is  self-evident.  The  phenomena  produc- 
ed by  this  electrostatic  discharge  in  vacuum  tubes,  and  described 
in  the  paper,  as  the  luminescence  of  the  conductor  and  of  the 
electrostatic  lield  of  force,  the  diif  used  glow  at  a  different  degree 
of  vacuum,  etc.,  have  been  observed  many  times  before,  and 
exhibited  with  nearly  the  same  brilliancy,  for  instance,  at  the 
World's  Fair  in  Chicago  by  Mr.  Tesla.  The  use  of  external 
electrodes  in  vacuum  tubes  is  old. 

The  luminescence  of  the  interior  of  the  spiral  in  no  way  con- 
tradicts Faraday's  experiment,  since  the  interior  of  an  open 
spiral  is  obviously  not  the  interior  of  a  charged  body,  and  Fara- 
aay's  experiment,  as  is  well  known,  refers  only  to  electrostatic 
charges  at  rest,  but  not  in  motion. 

What  cause  the  lecturer  has  to  claim  an  irregular  period  for 
the  oscillations  produced  by  the  condenser  discharge  through  an 
inductive  circuit,  I  cannot  see,  since  it  was  with  such  discharges 
that  interference  and  nodal  points  of  electro-magnetic  waves  have 
been  observed.  The  wave  length  of  an  electric  oscillation  is  not 
shorter  if  the  wave  is  quicker,  as  stated  by  the  lecturer.  It  is  well 
known  that  the  period  of  oscillation  is  entirely  independent  of 
the  rapidity  of  the  break,  and  only  the  amplitude  can  be  affected 
thereby.     Thus  the  conclusions  drawn  herefrom  are  erroneous. 

The  calculations  on  page  98,  on  the  counter  k.  m.  f.  of  the 
ether  gap  and  its  particular  and  radically  novel  features,  are  too 
fantastic  to  pass  any  scientific  scrutiny. 

A  number  of  other  statements  in  the  paper  are  unintelligible, 
as,  "natural  period  of  a  coil,"  or  "governing  the  period  of 
oscillation" — by  the  way,  through  the  high  resistance  of  the 
vacuum  tube,  the  discharge  is  probably  not  oscillatory  at  all,  but 
steady — or  "  compensating  for  the  long  wave  length  by  a  dis- 
charge coil,"  or  the  action  of  return  wire,  etc.  Other  remarks 
border  on  mysticism  as,  "  striking  nature's  key-board  to  the  tune 
of  500  trillions  of  waves  per  second,"  etc.     In  general  it  is  to  be 
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regretted  that  a  large  part  of  the  paper  is  written  in  a  style 
raore  befitting  a  sensational  newspaper  than  a  scientific  or  even 
technical  society. 

After  criticising  what  the  paper  says,  I  may  add  a  few  words 
regarding  what  it  does  not  give,  but  what  such  a  paper,  to  be 
suited  to  such  a  body  as  the  American  Institute  of  Electrical 
Engineers,  should  give. 

At  the  risk  of  being  included  by  the  lecturer  amongst  those 
lacking  in  information,!  must  nevertheless  raise  the  all  import- 
ant question,  "  How  many  watts  per  candle  power  do  you 
reo  uire  "  i 

I  cannot  see  any  difficulty  in  determining  this.  Compare  the 
light  given  in  one  metre  distance  by  one  of  these  tubes,  with 
that  of  a  standard  candle,  in  the  Bunsen  photometer.  The  total 
candle  power  of  the  tube,  to  that  of,  say,  an  incandescent  lamp, 
will  be  proportional  to  the  area  of  the  surface  at  one  metre  dis- 
tance from  the  tube,  to  the  area  of  a  sphere  of  such  a  distance 
from  the  standard  candle  or  lamp,  as  to  give  the  same  illumina- 
tion of  say  1  cm.^  of  a  white  surface.  Or  if  you  object  to  the 
difference  of  color,  compare  by  means  of  colored  screens  the  in- 
tensities, say  at  the  points  a,  d  and  f  of  the  spectrum. 

Or  taking  a  more  concrete  case :  The  lecture  room  was  illumin- 
ated by  27  Geissler  tul)es  of  about  7  feet  length  and  2  inches 
diameter,  instead  of  22  incandescent  lamps  as  usually.  Compare 
the  intensity  of  the  light  reflected  by  1  cm.^,  white  surface  in  either 
case,  with  a  standard  candle  in  tlie  Bunsen  photometer.  This 
will  give  you  an  exact  measure  of  equivalence.  I  should  judge 
the  Geissler  tube  light  to  be  about  equivalent  to  five  or  six  Jfi 
candle-power  lamps.  Xow  determine  the  amount  of  power  taken 
from  the  supply  dynamo.  I  saw  a  7|^  n.  p.  (Vocker- Wheeler 
motor  driving  the  dynamo,  and  from  the  hum  of  the  motor  it 
seemed  to  slow  down  noticeably  if  the  load  was  thrown  on  the 
dynamo,  and  a  71  h.  p.  Crocker- Wheeler  500-volt  machine 
flashed  badly,  showing  either  a  defect  in  the  machine  or  an  over- 
load. This  does  not  look  like  high  efficiency.  However,  a  public 
demonstration  is  not  very  suitable  for  such  tests,  but  they 
should  have  been  made  before  in  the  laboratory,  and  their  results 
conmiunicated  to  us  here.  Thus,  while  the  paper  is  very  inter- 
esting as  showing  improvements  in  Geissler  tubes,  or  illumination 
by  Geissler  tubes,  no  data  whatever  are  brought  forward  regard- 
ing the  only  and  all  important  question  :  "  How  does  the  power 
required  for  lighting  with  Geissler  tubes  compare  with  that  re- 
quired for  the  same  illumination  by  incandescent  lamps?"  I 
may  add  in  closing  that  the  paper  would  have  been  essentially 
improved  if  all  reference  to  Galileo  about  the  interference  of 
the  inertia  of  the  learned  with  the  progress  of  science,  etc.,  had 
been  omitted. 

TuE  President: — There  is  a  communication  on  this  subject 
by  Mr.  J.  P.  Wintringham,  which  will  be  read. 
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Mr.  J.  p.  WiNTRiNGHAM  I — Tliis  paper  ^eeiiifi  to  have  some 
interesting  new  matter,  but  the  author  has  written  a  little  care- 
lessly, and  I  would  note  two  or  three  lapses.  He  speaks  of  the 
counter  e.  m.  f.  of  the  air-gap.  The  effect  is  not  a  counter,  but 
a  direct  e.  m.  f.,  and  is  due  to  self-indnction,  not  to  the  air-gap. 

lie  speaks  of  a  high  f  recjuency  oscillating  discharge,  which 
term  has  a  special  technical  meaning  among  electricians,  referring 
to  the  discharge  of  a  leyden  jar,  etc. 

He  seems  to  deal  with  a  branched  circuit,  the  current  of  one 
branch  being  periodically  interrupted,  the  current  in  the  other 
branch  being  also  periodic.  There  does  not  appear  to  be  any 
char^  and  discharge  or  any  oscillation  involved. 

what  I  have  said  applies  to  the  lamps  with  two  electrodes. 
Some  of  the  lamps  had  only  one,  and  the  tubes  were  without  any 
electrodes.  Here  there  would  be  condenser  action,  charge  and 
discharge.  The  question  if  it  is  oscillating  would  be  determined 
by  a  formula  put  as  follows  by  a  very  high  authority : 

The  resistance  must  be  less  than  2  yl  \/  -:'-  for  the  discharge  to 

be  oscillatory.  A  =  the  velocity  of  light,  80  earth  quadrants  per 
second,  or,  say,  in  practical  units,  80  ohms.  As  Z,  6' and  the  re- 
sistance are  not  given,  it  can  only  be  conjectured  that  the  discharge 
may  be  oscillatory. 

The  time  of  an  oscillation  would  be  given  by  the  formula 


As  A  has  a  value  8  X  1 0^^,  any  ordinary  value  of  n  V  L  0  would 
leave  T  so  small,  and  the  number  oi^  oscillations  per  second  so 
large  that  the  number  of  makes  and  breaks  of  the  contact  maker 
would  be  of  a  different  order  of  magnitude  and  entirely  incom- 
mensurable with  any  high  frequency  effect. 

So  the  expression,  "  when  the  rate  of  the  vibrator  is  the  same 
as  the  natural  period  of  the  coil  or  any  of  its  harmonics"  would 
seem  to  be  meaningless. 

Dr.  E.  L.  Nichols: — I  was  not  fortunate  enough  to  read  this 
paper.  As  regards  the  probable  etiiciency  of  vacuum  tube  light- 
ing, I  may  say  however  that  we  are  not  al)solutely  ignorant  with 
regard  to  the  efficiency  of  the  Geissler  tube  discharge.  Measure- 
ments were  made  in  Zurich  by  Dr.  Staub  on  the  tube  itself,  in 
which  he  got  the  radiant  efficiency,  which  ran  very  high,  some- 
times as  high  as  38  per  cent.  That  means  that  the  s[>ectrum  of 
this  source  is  very  largely  luminous  in  its  character.  A  few- 
years  later  Prof.  Angstrom  made  other  measurements  with  the 
Geissler  tube,  in  which  he  included  the  losses  in  the  generator 
circuit.  The  heat  lost  in  a  generator  circuit  of  such  tube  l>eing 
from  the  very  nature  of  the  case  large  ;  where  you  use  an  in- 
terrupted circuit  you  may  expect  that.  He  found  as  a  result  of 
bolometric  measurement*  that  while  the  radiant  efficiencv  some- 
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times  reached  00  per  cent.,  that  only  about  eight  per  cent,  of 
the  energy  expended  in  ninnine:  ^ucli  a  tnbe  was  converted  into 
light.  This  would  seem  to  indicate  that  vacuum  tube  radiation, 
ii  produced  by  the  means  at  present  known  t-o  us,  or,  at  least, 
by  the  means  used  by  Prof.  Angstriim,  is  not  likely  to  be  found,^ 
01  extremely  high  eraciency.  In  order  to  secure  a  vacuum  tube 
discharge  which  shall  be  of  very  much  higher  efficiency  than 
other  electric  lights,  you  have  got  to  devise  some  means  of 
generating  that  discliarge  which  shall  be  free  from  the  losses 
which  exist  with  any  ordinary  make  and  break  apparatus. 

Mr.  Steinmetz: — About  a  year  and  a  half  ago  1  experimented 
somewhat  in  the  same  direction,  and  tried  to  measure  the  power 
consumed  by  Geissler  tubes.  While  these  tests  have  never  been 
completed,  due  to  more  urgent  work,  I  noticed  that  the 
efficiency  of  the  Geissler  tubes  apparently  depends  to  a  large 
extent  upon  the  frequency.  With  very  high  freciuency,  as  by 
oscillating  currents,  the  vacuum  tube  gave  quite  a  noticeable 
amount  of  light  while  remaining  perfectly  cool.  With  a  fre- 
(luency  of  ordinary  machine  currents,  however,  when  giving  about 
tlie  same  amount  of  light,  the  tubes  became  noticeably  warm. 

Mr.  L.  M.  Pinolkt  : — In  the  absence  of  Mr.  Moore,  who  i* 
detained  by  sickness,  1  wish  to  explain  that  the  slowing  down  of 
the  motor,  which  has  been  referred  to,  was  not  caused  by  an 
overload  but  was  due  to  the  fact  that  the  motor  was  run  with 
the  resistance  of  the  starting  box  only  partly  cut  out.  Measure- 
ments made  the  night  following  the  lecture,  showed  that  the 
magnets  with  their  vibrators  took  about  one  eighth  of  an  ampere 
eacYi,  at  a  pressure  of  from  450  to  500  volts.  Since  then  a  change 
has  been  made  in  the  apparatus  which  has  reduced  the  current 
consumption  to  about  one  tenth  of  an  ampere.  In  making  these 
measurements,  it  was  noticed  that  the  brightest  tubes  took  the 
least  current. 

Prof.  Anthony: — I  would  like  to  know  exactly  where  the 
ammeter  was  placed  when  these  measurements  were  made  ? 

Mr.  Pinolkt  : — It  was  placed  in  series  with  the  vibrator  and 
its  magnet;  whose  current  was  to  be  measured. 

Mr.  N.  W.  Pkrry  : — The  statement  that  he  was  present  when 
the  test  was  made  showing  a  consumption  of  energy  in  those  2T 
tubes  being  exceedingly  small  is  interesting.  I  saw  a  gentleman 
present  here  a  little  while  ago  who  I  think  could  tell  us  just 
what  the  results  were  that  were  obtained  and  how  the  tests  were 
made. 

Mr.  WoLoorr  :— Mr.  Moore  told  me  last  night  that  he  took 
about  forty  watts  per  tube. 

The  President: — Do  you  know  how  many  tubes  there  were 
at  the  Institute  meeting. 

Mr.  Pinolet  : — Twenty-seven. 

Mr.  Wolcott: — In  justice  to  Mr.  Moore  I  will  say  that  he 
has  since  succeeded  in  getting  a  much  better  quality  of  light 
than  that  exhihiieA  before  the  Institute. 
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Mb.  Cabl  Hkking: — In  connection  with  tliis  light,  the  Question 
is  often  asked,  how  many  candles  are  generated  per  watt.  Itseems 
to  me  that  it  is  not  quite  right  to  put  the  question  in  that  forui, 
if  it  is  intended  to  make  a  comparison  with  other  forms  of  elec- 
tric lighting.  I  agree  with  Mr.  Moore  in  his  statement  that  it  is 
uot  altogetner  a  question  of  watts  per  candle;  the  real  question 
is,  how  much  energy  does  it  take  to  light  up  a  given  room  with 
this  and  with  the  other  svstemt^,  so  that  the  effect  is  the  same  to 
the  human  eye.  Except  for  photography,  we  generate  light  so  as 
to  be  able  to  see,  and  therefore  if  the  effect  on  the  eye  is  the 
same,  it  does  not  make  any  difference  to  us  how  many  candles  of 
light  there  are  generated  in  that  room.  It  is  well  known  that  if 
a  certain  amount  of  flux  of  light  is  all  concentrated  in  one  small 
point,  it  becomes  glaring  and  dazzling,  and  the  retina  of  the  eye 
contracts,  thereby  limiting  the  amount  of  light  admitted  into  the 
eye,  while  if  that  same  amount  of  light  were  distributed  equally, 
as  for  instance  when  reflected  from  white  walls  or  emitted  from 
the  surface  of  large  Geissler  tubes,  it  would  have  a  much  better 
effect  on  the  eye,  and  would  produce  what  would  be  called  a 
much  better  illumination.  I  therefore  do  not  think  too  much 
stress  ought  to  be  put  on  merely  the  number  of  candles  produced 
per  watt  in  this  system,  without  also  considering  the  very  im- 
portant factor  of  the  distribution. 

Me.  a,  E.  Kennelly  : — Mr.  President :  It  has  given  me  great 
pleasure  to  witness  the  distinct  advance  that  Mr.  Moore  has  made 
over  the  Geissler  tube,  in  the  production  of  light  by  high  tension 
discharges.  This  is  a  direction  in  which  advance  may  oe  looked 
for,  and  in  which  we  may  hope  that  success  will  ultimately  be 
achieved.  Yet  I  think  we  should  face  the  facts  as  they  are,  if 
only  for  the  sake  of  having  an  accurate  criterion  as  to  how  far 
progress  is  made,  and  I  think  we  should  face  the  question  as  to 
now  much  light  is  produced  for  a  given  quantity  of  power.  Of 
the  forty  watts  which  are  said  to  be  supplied  to  one  of  Mr. 
Moore's  tubes  at  the  present  time,  we  cannot  believe  that  all  are 
expended  in  light.  It  would  seem  probable  that  most  of  it 
would  be  expended  in  exciting  the  magnet  whose  discharge  pro- 
duces the  liglit,  in  the  same  way  that  a  fifty-candle  power  lamp 
absorbs  fifty  watts  to  produce  a  relatively  small  activity  in  visible 
light.  The  fact  that  the  tube  occupies  an  extendea  space  and 
oners  an  extended  surface,  does  not  really  come  into  the  ques* 
tion.  What  we  want  to  know  is,  how  may  units  of  light  are 
produced  from  this  tube,  considered  as  a  source  of  light,  for  the '. 
alleged  forty  watts  which  are  supplied  to  it.  That  is  a  perfectly 
definite  question  capable  of  a  perfectly  definite  answer,  and  if' 
that  answer  can  be  given  to  us  at  the  present  time  it  will  at  least 
afford  us  a  valuable  criterion  of  the  advance  which  Mr.  Moore 
has  made  in  the  art  of  Geissler  tube  lighting. 

Mr.  E.  E.  Ries  : — I  coincide  perfectly  with  what  Mr.  Hering 
and  Mr.  Kennelly  have  said  in  discussing  this  new  method  of  Mr. 
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Moore's,  that  it  is  not  proper  to  compare  it  with  existing  stand- 
ards of  candle-power ;  that  is  to  say,  with  systems  of  concentrated 
lighting  to  which  we  have  been  heretofore  accustomed.  The 
new  system  operates  by  diffused  light ;  that  is,  a  lesser  intensity 
of  light,  given  forth  by  a  larger  emitting  area.  Now,  if  it  can 
be  shown  that  the  luminosity  given  by  this  method  to  an  apart- 
ment or  room  is  sufficient  for  practical  purposes,  that  is,  for 
the  purposes  of  reading  or  working  by,  at  a  fairly  economical 
cost,  it  will  denote  that  a  considerable  advance  has  been  made. 
I  do  not  think  it  wise  for  the  members  of  the  Institute  to  con- 
demn a  new  invention  at  the  outset,  simply  because  it  has  not 
arrived  at  that  stage  of  efficiency  which,  if  the  theoretical  prin- 
ciples underlying  it  are  true  and  correct,  it  will  probably  eventu- 
ally attain.  All  methods  of  artificial  lighting  are  more  or  less 
inefficient.  We  have  to  spend  a  great  deal  of  electrical  energy 
in  producing  waste,  either  in  the  form  of  heat  or  chemical  action, 
or  both,  in  order  to  get  some  light.  In  the  incandescent  electric 
lamp  a  large  waste  of  energy  occurs,  and  in  other  sources  of 
'  illumination  similar  wastes  takes  place.  It  is  possible  that  in  the 
vacuum  tube  system  the  waste  incidental  to  the  excitation  of  the 
magnet,  and  the  other  losses  due  to  the  resistance  of  the  air-gap, 
etc.,  which  appear  to  be  the  seat  of  the  principal  losses  in  this 
case,  may  eventually  be  minimized.  I  think  it  well  to  defer  giv- 
ing a  hasty  decision  until  that  point  can  be  determined. 

If  1  recollect  rightly,  some  years  ago  I  saw  a  statement  to  the 
effect  that  Mr.  Moore  had  been  experimenting  on  a  make-and- 
break  in  a  vacuum  containing  a  vibrator  very  similar  to  this,  for 
the  purpose  of  producing  a  regulating  socket  or  controlling 
device  for  incandescent  ligliting  by  intermitting  or  interrupting 
the  flow  of  current  passing  through  the  lamp  filament  more  or 
less  frequently.  The  metliod  itself  was  not  new,  but  the  means 
of  accomplishing  it — that  is,  the  making  and  breaking  of  the 
circuit  in  vacuum— ^was  new.  I  am  very  glad  to  know  tnat  from 
that  initial  starting  pohit  this  later  achievement  in  tube  lighting 
has  been  evolved.  It  is  another  one  of  those  curious  instances 
where  an  inventor  originally  starting  out  on  one  line  of  investi- 

§ation  discovers,  turns  up  and  develops  something  in  an  entirely 
iflerent  direction.  I  hope  that  future  developments  In  this  re- 
spect will  show  that  something  valuable  may  be  expected  from 
tiiis  new  method  of  lighting. 

Mr.  Steinmetz  : — 1  must  j)rotest,  Mr.  President,  a^inst  the 
imputation  that  anyone  wants  to  condemn  this  paper.  What  we 
want  is  to  get  exact  data  and  not  mere  general  statements. 
What  we  condemned  was  the  entire  absence  of  numerical  data  in 
the  paper. 

Mr.  Carl  IIering  : — We  know  the  arc  light  is  much  more 
efficient  in  candles  per  watt  than  the  incandescent  light,  yet  we 
use  the  incandescent  light,  because  we  can  distribute  it.  It  is 
possible  that  even  if  in  the  light  under  discussion  the  amount  of 
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energy  required  per  candle  power  is  greater  than  in  the  incan- 
descent light,  it  might  nevertheless  be  a  more  economical  way  of 
illu'iiinating  a  room. 

Mr.  Perry  : — Tliat  brings  up  another  point.  I  think  all  of 
us  who  saw  that  exhibition  were  guessing  as  to  how  many  incan- 
descent lamps  distributed  judiciously  through  the  hall  would 
enable  a  person  to  read  with  equal  ease.  All  the  guesses  that  I 
heard  gave  a  very  small  number.  Mr.  Hering's  point  was  that 
the  larger  surface  ought  to  give  us  better  results.  That  is  so, 
and  measuring  by  incandescent  lamps  would  not  be  unfair  to  the 
lamps  and  favorable  for  tlie  tube.  The  only  data  we  have  as  to 
the  power  consumed  in  those  tubes  was  the  behavior  of  the  gen- 
eratmg  apparatus.  There  are  a  great  many  who  saw  those 
instruments  work.  I  could  see  the  motor  part  of  the  time,  and 
the  rest  of  the  time  I  could  hear  it,  and  my  impression  was  that 
there  was  not  less  than  ten  horse  jwwer  generated.  If  we  hear 
a  7i  H.  p.  motor  laboring  as  that  one  was,  it  is  a  pretty  sure  in- 
dication that  energy  is  being  generated,  and  this  must  have  gone 
somewhere.  If  we  divide  it  up  among  those  27  tubes  and  it 
gives  no  more  diffused  light  than  a  comparative!}'  few  10  candle 
power  incandescent  lamps  then  it  would  seem  to  indicate  that  the 
light  was  a  very  expensive  light. 

Mr.  Kennklly  : — While  I  agree  in  some  respects  with  the 
last  speaker,  I  think  that  matter  ought  to  be  viewed  from  a 
somewhat  diflferent  standpoint.  We  have  here  a  new  means  of 
electric  lighting.  I  do  not  suppose  that  anybody  thinks  the 
method  has  advanced  to  a  practical  stage.  That  is  not  the  ques- 
tion at  present.  The  question  is,  what  is  the  possibility  of  this 
means  becoming  better  in  the  future?  In  that  point  of  view  it 
becomes  of  interest  to  know  just  how  the  facts  stand.  These 
tubes  produce  light,  and  the  light  is  capable  of  being  measured. 
They  absorb  power  that  is  capable  of  being  measured.  At  the 
Institute  the  other  night,  by  an  arrangement  of  white  screens 
behind  the  tubes  and  gauze  above  them,  an  illuminating  effect 
was  produced  in  the  hall.  But  we  want  to  know  how  much 
light  these  tubes  produce  for  a  given  quantity  of  energy.  We 
shall  then  have  something  by  which  to  judge  of  future  progress. 

Prof.  William  A.  Anthony  : — The  candle  power  is  simply 
a  measure  of  the  flux  of  light,  whether  it  comes  from  a 
small  point  or  a  large  one.  If  we  hang  up  the  arc  light, 
what  we  observe  is  the  illumination  upon  a  little  screen  witliin 
the  photometer  carriage,  and  we  make  that  illumination  equal  to 
that  of  the  standard.  There  is  no  change  in  the  size  of  the 
retina  here.  The  brilliancy  of  the  arc  lamp  does  not  directly 
affect  the  eye.  But  we  compare  its  illumination  on  a  screen, 
with  the  illumination  of  another  source  of  light  and  so  measure 
the  intensity.  The  fact  that  we  cannot  use  the  arc  lamp  itself 
with  the  same  efficiency  in  illuminating  a  given  space  that 
we  can  a  smaller   source  of  light,   has   no  bearing  upon    this 


116  MOORE  ON  VACUUM  TUBE  LIQNTINQ.  [May  20, 

point  that  I  see.  In  the  case  of  illumination  by  means  of  these 
tubes,  the  tubes  present  a  large  surface.  It  may  present  ad- 
vantages as  regards  the  distribution,  but  that  makes  no  difference 
with  the  amount  of  candle  power  per  watt.  In  regard  to  the 
results  the  other  night  at  the  Institute  meeting,  I  took  pains 
while  the  tubes  were  being  used  to  observe  how  well  I  could  see 
to  read,  and  tried  to  compare  that  as  well  as  I  could  with  the 
ease  with  which  I  could  read  by  means  of  the  incandescent  lamp. 
When  the  iiY  tubes  were  in  use  it  was  certainly  very  mnch  more 
diflScult  to  read  than  when  the  usual  lamps  were  employed  for 
lighting  the  hall.  I  think  that  was  evident  to  everybody.  How 
much  more  difficult  it  was,  I  could  not  say.  When  the  one  large 
tube  in  the  front  of  the  hall  was  doing  its  very  best,  the  one 
large  tube  with  a  reflector  behind  it,  I  could  see  to  read  nearly 
as  well  as  when  the  reading  lamp  that  was  used  on  the  desk  was 
turned  around,  as  it  sometimes  was,  towards  the  hall.  I  was  not 
able  to  see  as  well  by  the  one  large  tube  as  I  was  by  that  single 
reading  lamp.  That,  it  seems  to  me,  is  a  fair  comparison  of  the 
illuminating  power  of  those  two  sources,  and  it  is  exactly  what 
we  want  to  know  about.  The  absence  of  such  information  is 
what  we  are  criticising  in  Mr,  Moore's  paper.  Mr.  Moore  has 
certainly  done  a  great  deal,  and  has  made  a  great  advance  in 
vacnum  tube  lighting.  He  has  accomplished  something  that  we 
have  never  seen  done  before.  But  at  the  same  time  we  would 
like  to  know  just  how  much  light  he  will  give  us  per  unit  of 
energy  expended. 

Dr.  Nichoi^: — If  the  photometer  is  not  for  the  purpose  of 
measuring  the  illuminating  power  of  light  what  is  it  good  fort 
The  work  of  the  committee  on  light  standards  would  seem  to  be 
wasted  if  when  we  got  through  we  are  not  going  to  be  able  to 
measure  the  power  of  all  sorts  of  light.  The  light  which  falls 
upon  the  disk  of  the  photometer  produces  there  an  effect  which 
is  entirely  independent  of  the  area  of  the  source.  It  does  not 
make  any  difference  to  the  man  who  is  looking  at  the  photometer 
whether  the  source  is  concentrated  or  not.  If  you  test  your 
light  by  some  other  criterion,  the  question  of  diffusion  may  come 
in.  If  you  are  standing  with  your  back  to  an  arc  light  you  cannot 
read  in  the  shadow.  There  is  a  certain  benefit  which  is  obtained 
by  distributing  your  light  so  as  to  avoid  showy  shadows.  All 
other  benefits  than  that  of  getting  rid  of  black  shadows  is  entire- 
ly fictitious,  unless  the  bad  effect  upon  the  retina  of  gazing  at 
intense  sources  of  light  be  considered. 

Mr.  Riks: — It  does  not  seem  to  me  to  be  a  question  of  relative 
candle  power  so  much  as  the  amount  of  energy  required  to  pro- 
duce the  required  light,  or,  more  properly  speaking,  the  utility  of 
the  light  in  comparison  with  its  cost.  When  it  comes  to  a  question 
of  measuring  lignt  by  candle  power  that  is  one  thing,  but  so  far  as 
its  coynmercial  use  is  concerned  that  is  quite  a  different  thing. 
If  we  take  an  arc  light,  which  will  give  us  2,000  candle  power 
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with  an  expenditure  of  one  horse  power  of  mechanical  energy, 
we  will,  by  expending  the  same  amoimt  of  energy,  be  able  to  get 
at  the  most,  about  200  candle  power  out  of  a  number  of  incan- 
descent lamps,  yet  because  the  latter  are  only  one-tenth  as  effici- 
ent as  the  arc  lamp,  that  is  no  reason  why  we  should  dispense 
with  incandescent  lamps,  nor  do  we  dispense  with  them  upon  that 
account.  In  the  case  just  cited,  we  sacrifice  a  good  deal  in  effici- 
ency for  the  sake  of  subdivision  and  better  distribution  of  the 
light,  and  it  seems  to  me  the  vacuum  tube  method  holds  forth 
the  promise  of  a  still  further  refinement  in  this  direction  and  in 
all  probability  at  a  far  less  sacrifice  of  economy.  If  vacuum 
tube  lighting  can  be  brought  in  the  future  into  commercial  use 
for  the  lighting  of  the  interior  of  rooms  it  will  have  a  field 
peculiarly  its  own.  It  will  not  drive  out  the  electric  arc  light 
or  the  incandescent  light,  but  it  will  open  up  a  new  field  for 
ornamental  and  decorative  lighting  effects  where  intense  lumin- 
osity is  not  required,  and  it  is  perfectly  conceivable  that  with 
a  satisfactory  means  of  vacuum  tube  lighting,  which  of  course 
is  not  concentrated  like  that  of  the  arc  and  incandescent  light 
but  is  capable  of  a  more  unifonu,  and  for  many  purposes  a 
more  desirable  diffusion,  a  great  many  practical  uses  may  be  found 
for  it.  From  that  point  of  view  I  say  that  it  is  not  so  much  a 
question  at  the  outset  to  criticise  Mr.  Moore's  new  method,  or 
nis  improvement  in  the  Geissler  tube  method,  simply  because  at 
present,  from  our  lack  of  information,  we  have  not  the  data 
which  shows  us  exactly  what  it  will  cost.  If  the  cost  is  reason- 
able— even  if  it  should  be  greater  than  the  cost  of  incandescent 
lighting — it  may  still  have  a  future  before  it.  It  seems  to  me 
that  the  question  now  is,  to  discuss  the  matter  from  the  stand- 
point of  an  improvement  in  lighting  rather  than  to  criticise  it  at 
the  outset  too  strongly  from  the  pomt  of  view  of  its  economical 
advantage  over  other  forms  of  light. 

Mr.  WoLOf>TT: — One  reason  why  the  members  have  all  taken 
the  stand  of  the  efficiency  of  this  light  is  that  the  paper  spoke  of 
the  incandescent  light  as  very  wasteful.  The  idea  was  that  this 
was  a  cold  light  which  took  very  little  energy. 

Mr.  Kennelly: — I  do  not  desire  to  criticise  Mr.  Moore's  work 
in  this  direction,  but  we  want  to  know  just  how  much  to  admire 
it.  If  we  have  from  Mr.  Moore  a  statement  of  how  manv  candle 
power  he  can  produce,  why,  we  obtain  a  criterion  by  which  we 
can  measure  his  success. 

Mr.  Howell  : — 1  do  not  think  Mr.  Moore  would  have  the 
slightest  objection  to  telling  us  all  he  knows  about  this.  1  do  not 
think  he  would  have  any  objection  to  answering  every  question 
that  has  been  asked  here  today  about  it.  There  is  one  thing  that 
was  brought  out  by  Mr.  Moore  that  night  which  has  not  been 
touched  u|x>n,  and  that  is  the  difference  in  color  between  the 
vacuum  tube  light  and  the  incandescent  light.  You  will  remem- 
ber that  he  held  up  a  tube  in  a  reflector,  and  alongside  of  it  his 
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reading  light,  to  illustrate  the  difference  in  color,  stating  it  was 
his  belief  that  the  color  of  the  tube  light  was  very  much  superior 
to  that  of  the  incandescent  light.  It  was  my  impression  that  the 
color  was  a  very  poor  one,  and  that  the  whiteness,  or  gi'eenness  as 
I  called  it,  of  the  light,  was  a  very  great  disadvantage  to  it.  I 
think  the  disadvantage  of  that  whitish  light  has  been  shown  by 
Dr.  Birchmore  in  a  series  of  articles  in  The  Elect t^iciU  Eng^ineer 
in  which  he  shows  the  action  of  different  colored  lights  U{X)n  the 
retina  of  the  eye,  showing  that  the  rays  from  the  violet  end  of 
the  spectrum  rather  contracted  the  pupil  very  much  more  than 
rays  of  light  from  the  lower  end  of  the  spectrum.  The  contrast 
which  he  made  between  his  light  and  the  other  was  a  strong 
argument  in  my  mind  against  it. 

The  President: — Mr.  Moore  has  just  come  in.  We  should 
like  to  hear  from  him. 

Mr.  D.  McFarlan  Moore  : — Mr.  President  and  (Gentlemen  : 
Owing  to  a  bad  cold  it  will  be  difficult  for  me  to  make  myself 
heard.  The  ideal  light  will  undoubtedly  only  be  reached  when 
we  can  produce  by  artificial  means  a  light  which  is  the  same 
as  dayligtit.  Since  my  method  of  vacuum  tube  lighting  was  ex- 
hibited at  the  last  Institute  meeting,  improvements  have  been 
made  in  it  so  that  I  can  produce  at  this  moment  tubes  with  a 
daylight  spectrum.  The  vacuum  tube  method  is  the  only  one 
which  presents  itself  for  our  use,  in  order  to  produce  a  light 
which  will  be  anywhere  near  a  counterpart  of  daylight, — a  light 
which  will  be  radiated  from  long  tubes.  In  relation  to  efficiencv, 
of  course  it  was  understood  that  the  paper  was  presented  merely 
to  call  attention  to  the  advance  that  has  been  made.  In  order 
to  appreciate  that  advance,  a  person  must  understand  how  very 
inefficient  previous  experiments  and  methods  have  been.  The 
vacuum  vibrator  is  undoubtedly  a  device  which  has  greatly 
improved  the  economy  of  tube  lighting  over  previous  systems. 
Previous  methods  used  a  break  in  an  electric  circuit  in  the  open 
air  in  order  to  produce  the  secondary  current  which  would  have 
certain  pi'onerties  necessary  to  produce  the  agitation  in  the  tnbe 
and  cause  the  light.  In  all  those  systems  the  break  came  into 
the  system  somewhere.  Anybody  who  has  experimented  with  a 
break  in  the  open  air,  knows  that  it  is  very  remarkable  how  much 
energy  can  be  wasted.  An  enormous  amount  of  power  is  dis- 
sipated in  the  open  air  break.  Now,  when  that  arc  is  placed  in 
ft  vacuum  which  remains  perfectly  cool,  it  is  apparent  without 
any  further  discussion  that  there  results  an  enormous  saving. 
During  the  test  at  the  Institute  which  has  been  referred  to,  the 
apparatus  was  run  without  the  slightest  difficulty  and  without 
anything  getting  out  of  order.  A  number  of  tests  were  made  by 
the  parties  who  were  present,  as  to  the  range  of  legibility.  That 
was  the  only  way  by  which  we  could  get  any  idea  of  the  con- 
sumption 01  power  necessary  to  produce  a  quantity  of  "  cold  " 
light,  the  equivalent  of  which  could  be  gauged  by  incandescent 
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light.  It  was  undoubtedly  a  fact  that  objectft  on  the  wall  of  the 
Institute  could  be  discerned  a  great  deal  better  with  the  tube 
lighting  than  they  could  with  the  25  incandescent  lamps.  As  to 
tlie  power  consumed,  there  was  at  no  time  more  than  two  am- 
peres used.  Now,  that  is  the  only  basis  we  have  to  calculate 
irom,  as  far  as  power  is  concerned,  viz.,  that  you  could  distin- 
guish objects  better  with  two  amperes,  which  is  of  course  a  less 
amount  of  power  than  required  by  25  incandescent  lamps.  Since 
then  I  liave  well  nigh  cut  the  power  required  in  half,  and  also  in- 
creased the  quality  of  the  light.  In  fact,  it  is  difficult  to  say 
just  what  power  would  be  required  to  produce  the  same  amount 
of  light  with  the  break  in  the  open  air  ;  but  if  the  same  amount 
of  liffht  were  to  be  produced  with  the  break  in  the  open  air  and 
by  the  inductive  method  alone,  I  am  not  exaggerating  to  say  that 
the  increase  of  efficiency  is  about  eleven  million  per  cent.  This 
sounds  outlandish,  but  it  is  a  fact. 

I^do  not  know  that  there  is  anything  more  for  me  to  say,  ex- 
cept that  I  will  take  great  pleasure  in  explaining  my  apparatus 
to  anyone  who  wishes  to  examine  it.  I  can  add  that  the  spec- 
trum from  my  tubes  is  absolutely  continuous,  something  never 
obtained  before  from  vacuum  tubes. 

Mr.  Wolcott  : — I  would  like  to  ask  Mr.  Moore  one  question. 
On  page  86  of  his  paper  he  says:  "As  a  device  for  transforming 
electrical  energy  into  light,  the  vacuum  tube  is  very  efficient. 
The  majority  of  authorities  place  it  at  about  70  per  cent,  and 
the  incandescent  lamp  at  two  per  cent."  I  would  like  to  know 
what  is  the  basis  for  that.  Does  he  mean  70  per  cent,  of  the 
energy  which  is  supplied  to  the  electrodes  appear  as  luminous 
radiation  i 

Mr.  Moore  : — Yes,  undoubtedly.  I  wish  also  to  add  that  the 
idea  in  showing  the  difference  between  the  incandescent  light 
and  the  vacuum  tube  light  was  merely  to  show  that  the  vacuum 
tube  light  had  very  few  red  and  wasteful  heat  waves.  With 
reference  to  efficiencv,  of  couree  it  is  understood  that  I  referred 
to  the  amount  of  power  consumed  at  the  terminals  of  the  lamp, 
and  that  this  system  of  lighting,  without  heat,  is  merely  a  step 
in  advance.  We  must  come  to  it,  and  rapidly,  and  it  is  merely 
a  step  in  that  direction.  The  heat  is  not  all  removed  but  we  are 
approaching  that  end. 

Mr.  Wolcott  : — I  have  never  heard  that  a  Geissler  tube  had 
70  per  cent,  efficiency. 

Mr.  Moore  : — I  think  Dr.  Nichols  can  give  you  some  points 
on  that  subject. 

Dr.  Nichols  : — The  iigures  referred  to  are  doubtless  those  to 
which  I  referred  a  few  moments  ago.  Dr.  Staub  had  a  Geissler 
tube  in  an  ice  calorimeter,  so  that  he  was  enabled  to  allow  the 
luminous  rays  to  escape.  Then  he  blackened  the  walls  of  the  tube 
and  absorbed  it  all,  and  he  found  in  that  way  about  thirty-three 
per  cent,  efficiency.     On  the  other  hand,  in  the  second  set  of 
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observations — those  of  Prof.  Angstrom — comparisons  were  made 
between  the  luminous  radiation,  produced  in  a  Geissler  tube,  and 
the  total  amount  of  energy  electrically  measured  necessary  to 
generate  that  light  in  the  tube,  the  efficiency  in  such  tubes  thus 
tested  was  about  eight  per  cent.  This  second  quantity,  which  would 
seem  to  limit  the  total  efficiency  of  the  Geissler  discharge  at  less 
than  ten  per  cent,  is  a  question  of  course  of  the  method  of  gen- 
eration, and  if  you  can  reduce  the  loss  in  the  outside  circuit  nien 
the  luminous  efficiency  may  be  greatly  increased. 

Mr.  Woloott  : — Even  at  ten  per  cent  ? 

Dr.  Nichols: — You  have  to  divide  that  by  the  fraction  of 
light-giving  energy  in  it. 

Prof.  Anthojjy  : — It  seems  to  me  that  a  good  plac^  to  put  a 
voltmeter  and  an  ammeter  is  in  the  circuit  that  drives  the  meter. 
If  we  put  the  voltmeter  and  ammeter  in  the  circuit  which  drives 
the  moter,  then  all  questicm  as  to  the  measurement,  by  means  of 
the  ordinary  instruments,  of  this  extremely  fluctuating  current 
that  goes  into  the  tube,  as  te  whether  that  gives  us  an  accurate 
measurement  or  not,  would  be  disposed  of.  We  could  tell  then 
very  nearly  what  amount  of  energy  is  required  to  operate  the 
tube. 

[At  this  point  the  President  requested  Vice-President  Stein- 
metz  to  take  the  Chair.] 

The  Chairman  : — I  observe  that  Mr.  Wetzler  is  present  and 
some  of  the  gentlemen  have  expressed  a  desire  te  hear  him  on 
this  subject.     VVill  Mr.  Wetzler  favor  us  i 

Mr.  Joseph  Wetzler: — The  tests  made  by  myself  on  Mr. 
Moore's  apparatus  were  carried  out  as  follows :  A  Westen  direct 
current  milliammeter,  a  shown  in  Fifi^.  83,  was  placed  in  series  with 
the  inductance  coil  employed  by  Mr.  Moore,  and  the  potential 
was  measured  by  a  Weston  alternating  and  direct  current  type 
voltmeter,  v,  connected  directly  across  the  leads.  The  results 
of  one  set  of  tests  was  as  follows  :- 

Volts. 
Tul>e  No.  1,  good  tube 490 

470 

Tube  No.  2,  poor  tu»)e,  faint  light 480 

"  '*  480 

TiUh^  Xo.  3,  gofKl  tube 500 

485 

485 

485 

490 

490 

Tube  No.  4,  good  tube 490 

485 

470 

490 

470 

Tube  No.  5,  good  tube 500 

500 


«•  t  < 


Milli- 

amperes. 

Watt«. 

110 

58.9 

110 

51.7 

160 

76.8 

100 

76.8 

85 

42  5 

110 

53.8 

110 

53.8 

110 

53.8 

no 

53.9 

110 

53.9 

108 

52.9 

108 

52.4 

108 

50.7 

110 

589 

105 

49.3 

*88 

44.0 

*88 

44.0 

♦With  momentary  rise  to  120. 
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In  other  teste  which  I  made  I  found  some  tabes  that  gave 
much  lower  watt  readings  than  any  of  the  above;  thus  one  read 
as  low  as  30.5  watts.  The  above  results  may  therefore  be  con- 
sidered a  very  fair  average.  No  special  preparation,  so  far  as  I 
am  aware,  was  made  for  these  tests  by  Mr.  Moore,  and  all  were 
taken  in  his  Exposition  booth  while  the  apparatus  was  being 
shown  publicly. 

Mr.  Kies  : — I  should  like  to  ask  Mr.  Wetzler  what  was  the 
length  of  that  tube  on  which  the  42.5  watts  reading  was  taken  ? 

Mr.  Wetzler  : — All  those  tubes  were  about  seven  feet  long. 
In  fact  they  were  the  same  tubes  that  were  used  at  the  Institute 
lecture.  No  measurements  were  made  on  the  illuminating  power 
of  the  tubes.  They  were  all  in  good  condition  except  the  one 
which  I  have  referred  to  as  a  bad  tube,  which  was  evidently 
lacking  in  brightness. 

Mr.  Ries  :  —Then  one  of  those  seven-foot  tubes  took  practically 
as  much  energy  as  an  ordinary  16-candle  ])ower  incandescent  lamp  i 

Mr.  Wetzler  : — Yes  sir. 


Fio.  3J{.     Arranoemext  of  Testing  Apparatus. 

Mr.  Moore  : — I  believe  it  was  stated  by  somebody  before 
I  arrived,  that  the  motor  appeared  to  be  overloaded.  It  is  quite 
remarkable,  when  you  consider  all  the  motor  experts  there  were 
at  that  meeting,  that  every  one  presumed  that  the  motor  was 
overloaded,  and  it  only  shows  how  unsafe  it  is  to  be  too  sure  of 
anything.  When  the  dynamo  field  rheostat  arrived  it  was 
found  when  it  was  connected  in  circuit  that  you  could  turn  its 
handle  all  the  way  on  or  off  without  affecting  the  voltage  in  the 
slightest  degree.  Therefore,  it  was  a  useless  piece  of  apparatus, 
and  it  was  not  used.  The  motor  starting  box  had  seven  points 
for  varying  its  resistance.  Now,  at  no  time  during  the  evening 
were  more  than  three  points  cut  in,  in  the  motor  starting  box, 
and  I  think  most  of  the  time  only  two.  Of  course,  anybody  who 
is  familiar  with  this  kind  of  apparatus  knows  very  well  that 
when  you  have  a  motor  with  only  two-sevenths  of  its  starting 
box  cut  out  when  you  put  a  slight  load  on  it,  it  will  lose  its  volt- 
age. That  was  the  wnole  truth  of  the  matter.  Of  course  if 
the  attendant  had  turned  the  starting  box  all  the  way  around 
and  cut  it  all  out  then  it  would  have  been  all  right  as  it  was  the 
following  night. 

Dr.  S.  S.  Wheeler  : — I  attended  the  Institute  meeting  at 
which  the  new  light   was   shown,   and   I   tUou^Yvt  V  xvoNiKft^^  '^ 
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squeaking,  indicating  that  the  belt  between    the  dvnamo  and 
the  motor  was  slipping.     I   would  like  to   ask  Mr.  Moore  about 
that. 

Mr.  M<k)Re  : — Dr.  Wheeler  must  have  been  mistaken.  A 
number  of  men  who  are  competent  to  know  how  tight  a  belt 
should  be  stretched,  all  agreed  that  the  belt  was  all  right.  It 
worked  perfectly,  merely  by  throwing  the  resistance  of  the 
starting  box  out. 

Pkof.  Anthony  : — During  one  stage  of  the  experiments  I 
knew  the  motor  starting  box  was  not  all  (rut  out.  That  was 
when  the  first  attempt  was  made  to  start  up  the  tubes  for  lighting 
the  hall.  I^ter  I  saw  the  assistant  go  and  turn  it  out,  and  I  sup- 
posed it  was  fully  turned  out ;  I  feel  quite  sure  that  it  was.  In 
regard  to  the  laboring  of  the  machine,  it  was  not  the  laboring  of 
a  machine  that  was  working  with  the  starting  box  partly  turned 
on,  but  it  was  the  laboring  of  a  machine  that  was  overloaded. 

Mr.  Moork  : — In  response  to  that  I  must  say  that  Prof, 
Anthony  is  entirely  mistaken.  I  have  the  very  best  evidence  to^ 
show  that  that  starting  box  was  not  entirely  cut  out.  I  know 
that  the  following  evening  the  apparatus  worked  perfectly  and 
on  several  other  occasions.  Indeed  it  is  working  perfectly  now^ 
or  was  a  few  days  ago  before  the  motor  was  changed. 

Mr.  Kennklly  : — Fortunately  it  is  not  a  matter  of  any  con- 
sequence, gentlemen,  whether  tlie  motor  was  overloaded  or  not. 
If  these  tubes  take  from  40  to  60  watts  we  know  they  will  give 
their  regular  complement  of  light  with  that  amount  of  power. 
Therefore,  we  can  fortunately  consign  to  oblivion  the  question 
whether  the  motor  was  overloaded  or  not. 

Prof.  Anthony  : — I  don't  feel  so  sure  of  that. 

Mr.  WtrrzLKR : — I  would  like  to  state  that  the  measurements 
were  made  with  two  different  types  of  instruments  and  on  differ- 
ent days.  One  was  a  direct  reading  ammeter,  and  the  other  was 
an  alternating  and  direct  reading  type  of  Weston  instrument. 

Prof.  Anthony  : — 1  am  not  certain  that  in  that  interrupted 
circuit  any  of  those  instruments  will  properly  measure  the 
energy  consumed.  The  sort  of  current  that  is  obtained  by  that 
interruption  is  something  totally  different  from  any  alternating 
current,  and  it  seems  to  me  that  it  may  very  well  be  that  the 
voltmeter  and  the  ammeter  would  not  measure  truly. 

Mr.  Perry  : — I  have  felt  the  same  way  that  Prof.  Anthony 
has,  that  neither  the  direct  nor  the  alternating  current  measuring 
instruments  would  be  likely  to  give  us  results  which  would  not 
be  open  to  some  question.  There  is  another  ([uestion  that  I 
would  like  to  ask  Mr.  Wetzler.  I  think  he  stated  somewhere 
that  the  total  number  of  tubes  consumed  a  given  total  amount  of 
energy.     I  think  I  saw  that  in  some  editorial  of  his. 

Mr.  Wetzler:— I  do  not  recall  the  exact  language. 

Mr.  Perry  : — I  understood  these  tubes  were  each  on  a  separate 
circuit.  Now,  were  the  tests  of  all  the  tul)es  made  on  instru- 
inentB  simultaneously  or  under  what  conditions  i 
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Mr.  Wetzlkr  : — While  all  the  tubes  were  operating  I  tested 
one  of  them  at  a  time.  Each  tube  being  on  a  circuit  of  its  own 
I  would  naturally  measure  one  at  a  time. 

Mb.  Cabl  Hering  : — Perhaps  a  voltameter  might  be  a  much 
better  instrument  for  such  currents  than  an  ammeter ;  if  so,  a 
flimple  Edison  meter  might  answer  the  purpose. 

Mr.  M(X)re: — Mr.  Wetzler  has  told  yon  that  he  measured 
but  one  vibrator  at  a  time.  I  measured  a  number  all  at  the 
same  time,  and  found  the  current  consumption  proportion- 
ately the  same.  With  reference  to  Prof.  Anthony,  he  seems  to 
be  determined  that  that  motor  was  overloaded.  I  may  be  able 
to  help  him  out  in  that  matter.  As  is  well  known,  when  a 
motor  under  those  conditions  has  a  load  placed  upon  it  of  course 
it  will  drop  in  its  speed.  Then  the  dynamo  may  drop  from  450 
down  to  less  than  100  volts  and  of  course  the  vibrators  would 
stop  vibrating,  and  the  moment  they  do  that,  there  is  a  short 
circuit  through  the  coil  and  immediately  the  amperage  would 
run  up  enormously.  So  that  may  well  explain  why  Sie  motor 
appeared  to  bo  overloaded.  The  fact  of  the  matter  is,  however, 
tnat  it  never  was  overloaded.  I  wish  to  state  once  more  that 
this  matter  of  cfficiencv  is  absolutely  secondary.  I  was  able  to 
light  up  a  hall,  the  first  hall  in  the  world  to  be  so  lighted.  I 
have  placed  my  work  before  you  claiming  an  advance  in  the 
art,  irrespective  of  the  question  of  efficiency,  although  I  have 
nothing  to  be  ashamed  of  in  that  direction,  in  fact  the  opposite. 


[Communicated  After  Adjournment  by  Prof.  Antiionv.J 

The  doubt  which  I  expressed  in  the  discussion  at  the  meeting 
in  regard  to  the  truth  of  the  indications  of  the  Weston  instru- 
ment when  used  to  measure  interruj^ted  circuits  was,  set  at  rest  by 
experiments  I  was  able  to  make  on  Wednesday  evening  after  the 
meeting  of  the  Institute,  and  of  which  1  gave  an  account  in  a 
report  to  Mr.  Moore  which  is  printed  in  full  below. 

New  York,  May  27,  1896. 

D.  McFarlan  Moore, 

Dear  Sib  : — On  Wednesday  evening,  May  20th,  in  company  with  Prof. 
B.  L.  Nichols  and  Mr.  Nelson  W.  Perry,  1  made  a  test  of  the  power  absorbed 
by  the  vacuum  tube  light  in  your  exhibit  at  the  Electrical  Exposition,  with 
results  as  given  below : 

A  Weston  ammeter  was  placed  in  the  circuit  leading  to  the  motor  used  for 
driving  the  generator  which  furnished  the  current  for  the  vacuum  tubes,  and  a 
Weston  voltmeter  was  placed  across  the  motor  terminals.  These  instruments 
were  read  at  frequent  intervals,  while  one  of  us  in  the  booth  below  noted  the 
time  of  turning  on  and  off  the  light.  Comparing  notes,  we  found  that  when 
the  tubes  were  all  off,  the  motor  consumed  12.5  to  13  amperes  at  110  volts  as  a 
oonslant  load.  When  the  tubes  were  all  on,  the  motor  consumed  22  amperes  at 
106.5  Tolts. 
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The  motor  therefore  oomsumed,  when  tubes  were  not  mnning  . .  1400  watts. 

When  tabes  were  all  ninning 2880     " 

Due  to  tubes 980     " 

There  were  in  operation  14  tubes,  7^  feet  long,  If  inches  diameter,  1  tube 
somewhat  shorter  but  2^  inches  diameter,  and  a  few  tubes  of  special  designs. 

We  estimated  that  the  whole  was  an  equivalent  of  16  of  the  If  inch  tubes. 
This  gives  61  watts  per  tube  applied  to  the  motor  terminals.  Assuming  that 
80  per  cent,  of  this  energy  was  delivered  to  the  tubes  from  the  generator  termi- 
nals, the  power  consumed  by  each  tube  is  49  watts. 

This  is  practically  the  result  obtained  by  Mr.  Wetzler  by  direct  measurement 
of  the  energy  consumed  by  the  tubes,  and  disposes  of  the  question  raised  by  the 
writer  as  to  the  reliance  to  be  placed  upon  the  indications  of  a  Weston  ammeter 
in  circuit  with  a  vibrating  interrupter. 

The  only  question  now  is,  as  to  the  intensity  of  the  light  obtained.  Of  this 
it  was  impossible  under  the  conditions  to  make  any  reliable  estimate.  Qur  re- 
sults simply  show  that  the  light  of  the  vacuum  tubes,  as  exhibited  in  your  booth 
at  the  exposition,  is  obtained  at  an  expense  of  a  little  more  than  one  hone 
ppwer. 

The  instruments  used  in  making  these  measurements  were  kindly  loaned  for 
the  purpose  by  Mr.  Pionnio  in  charge  of  the  Weston  Electrical  Instrument 
Co.'s  exhibit,  who  gave  us  his  assistance  in  making  the  necessary  connect* 
tions  and  in  taking  readings. 

W.  A.  ANTHONY. 


AMERICAN  INSTITUTE  OF  ELECTRICAL 

ENGINEERS. 


Annual  Meeting. 


New  York,  May  19th,  1896. 

The  AuDual  Meeting  of  the  Institute  was  held  at  the  New^ 
York  Indastrial  Baildiiig,  comer  Lexington  Avenue  and  43rd 
Street,  May  19th,  1896,  and  was  called  to  order  by  President 
Duncan  at  4  P.  M. 

The  President. — The  first  business  in  order  will  be  the 
appointment  of  two  tellers  to  count  the  ballots.  I  will  appoint 
as  tellers  Mr.  Townsend  Wolcott  and  Mr.  Wm.  J.  Hammer. 

The  next  thing  in  order  is  the  report  of  the  Council  and  the 
report  of  the  Treasurer. 

The  following  reports  were  then  read  by  the  Secretary : 


AMERICAN  INSTITUTE  OF  ELECTRICAL  ENGINEERS. 


Rrpokt  ok  Council  for  the  Year  Ending  april  30TH,  1S96. 

As  required  by  the  Constitution,  the  Council  submits  for  the  information 
of  the  membership  a  report  of  the  work  of  the  Institute  during  the  past 
year. 

The  Council  has  held  ten  regular  meetings  and  one  special  meeting,  at 
which  the  average  attendance  has  been  ten.  The  General  Meeting  of  the 
Institute  was  held  at  Niagara  Palls,  June  25th  to  28th. 

In  compliance  with  a  request,  by  petition,  of  twenty  members  and  assoc- 
iate members,  residing  on  the  Pacific  Coast,  Prof.  F.  A,  C.  Perrine  has  been 
appointed  Local  Secretary  for  that  region.  In  this  capacity,  Prof.  Perrine 
has  rendered  efficient  assistance  in  caring  for  applications  for  membership 
received  from  that  district. 

Upon  his  election  as  a  manager,  last  year,  Mr.  B.  J.  Arnold  deemed  it 
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advisable  to  resign  the  office  of  Local  Honorary  Secretary  at  Chicago  and 
Prof.  W.  M.  Stine  was  appointed  to  fill  the  vacancy. 

In  compliance  with  a  request  from  twenty  members  and  associate  mem- 
bers.  a  committee  was  appointed  to  submit  a  new  design  for  a  badge 
which  would  meet  the  approval  of  members  and  be  more  generally 
worn  by  them  A  design  has  been  prepared  under  the  direction  of  this 
committee  and  will  be  submitted  for  consideration  hereafter. 

The  amount  of  time  consumed  in  the  counting  of  the  ballots  at  the  annual 
election  led  to  the  appointment  of  a  committee,  of  which  Mr.  James  Hamblet 
was  Chairman,  to  revise  the  rule  governing  this  procedure.     The  report  of 
this  committee  was  received  and  referred  to  the  Committee  on  Incorpora- 
tions, as  other  amendments  to  the  Rules  were  under  consideration. 

A  Committee  on  Incorporation,  of  which  Mr.  W.B.  Vansize  is  chairman,  was 
appointed  in  December,  to  consider  the  incorporation  of  the  Institute  and 
any  changes  in  the  Rules  that  might  be  necessary.  The  whole  matter  was 
carefully  investigated  and  the  Institute  was  accordingly  incorporated 
March  i6th,  1896,  under  the  laws  of  the  state  of  New  York.  The  new  Con- 
stitution, amended  as  was  necessary  in  order  to  conform  with  the  State  law, 
has  been  printed  and  distributed  to  the  membership.  This  action  was 
taken  in  accordance  with  the  following  resolution  adopted  at  the  meeting 
of  Council  January  22nd  1 896  : 

"  It  is  voted  that  the  President  be  directed  to  call  a  special  meeting  of 
**  the  Institute  to  consider  a  proposition  to  incorporate  the  Institute  under 
"  the  Membership  Corporation  Law  of  the  State  of  New  York.  (Laws  of 
**  1895.  Chap.  559,  Section  5.) " 

This  meeting  was  called  for  February  26th,  at  which  the  Council  was 
authorized  by  a  unanimous  vote'  to  proceed  with  the  work  of  incorporation. 

The  Council  appointed  Dr.  Francis  B.  Crocker  a  delegate  to  represent 
the  Institute  in  the  National  Conference  on  Standard  Electrical  Rules 
which  was  held  in  New  York  City,  March  i8th  and  19th.  This  conference 
resulted  in  a  permanent  organization  in  which  the  Council  subsequently 
voted  to  continue  the  representation  of  the  Institute  for  one  year,  with 
Dr.  Crocker  as  its  delegate. 

The  National  Electrical  Exposition  Company  having  extended  an  invita- 
tion to  the  Institute  to  hold  its  May  meetings  in  the  Industrial  Building, 
the  proposition  was  accepted  by  the  Council,  and  the  Secretary  was  in- 
structed to  secure  the  necessary  facilities. 

The  total  membership  at  the  close  of  last  year's  report  was  944,  classified 
as  follows : 

Honorary  Members a 

Members a8i 

Assucmte  Members 661 

944 
Associate  Members  elected  May  ist,  1895,  to  April  30th,  1896 I4j 

1087 
Restored  to  Member»hip 3 

Total 1090 
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The  following  resignations  have  been  received  during  the  year,  and 
accepted  as  in  good  standing  : 

J.  MURRAY  MITCHELL,  J.  P.  MAGKNIS, 

F.  S.  CALDWELL,  C.  E.  POTTS, 

R.  L.  SELDKN,  JR  ,  V.  O.  WATERHOUSE, 

M.  G.  STRATTOX,  C.  GESSEAUME, 

H.  H.  EUSTIS,  G.  W.  MANSFIELD, 

C.  E.  STUMP.  F.  W.  GUSHING, 

E.  H.  ROGERS,  H.  HOLLERITH. 

B.  W.  COLLEY,  J.  P.  McKINSTRY. 
J.  A.  BARRETT. 

Total  resignations 17 

There  have  been  the  following  deaths  during  the  year  : 

FRANKLIN  LEONARD  POPE,  HOLBROOK  CUSHMAN, 

HENRY  W.  FRYE.  W.  T.  M.  MOTTRAM. 

WILLIAM  BOARDMAN  TOBEY. 

Total  deaths 5 

Dropped  as  delinquents z6 

Elections  cancelled 3 

Elected  but  not  qualified ...  14 

55 
1035 

Leaving  a  total  membership  of  1035  on  April  30th,  1896,  (a  net  gain  of  91) 
classified  as  follows : 

Honorary  Mem oers 9 

Members 333 

Auodate  Members 700 

>o35 

A  list  of  the  members  elected  during  the  year  accompanies  this  report. 
The  names  are  printed  in  the  Transactions. 

The  reports  of  the  Secretary  and  of  the  Treasurer,  show  in  detail  the 
financial  standing  of  the  Institute  at  the  close  of  the  fiscal  year,  together 
with  a  detailed  statement  of  receipts  and  expenses  during  the  year. 


SECRETARY'S  BALANCE  SHEET. 

For  Thk  Fiscal  Year  Endinc;  April  30,  1396. 

Dr,  Cr, 

To  balance  from  1894 $       15*0        By  cash  to  Treasurer $11,26990 

Receipts  for  the  vear 11,26790        Secretary's  Balance  on  hand 2020 

11,283  10  ii«383  10 
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ITEMIZED  STATEMENT  OF  RECEIPTS  AND  EXPENSES  OF 

THE  INSTITUTE. 

For  Fiscal  Year  Ending  April  30,  1896. 

General  Account. 


Receipts, 

Treasurer's  Baiance  from  previous  year.  $186  a8 

Secretary's        "           "           *           "  15  ao 

Typewriting 8  25 

Entrance  Fees 660  00 

Life  Membership  (A.  E.  Kennelly,  J. 
Bijur,  R.  R.  Harvey,  J.  Stanford 

Brown) 400  00 

Past  Dues 694  *6 

Current  Dues 7,903  13 

Advance  Dues 30500 

Electrotypes  Sold 191  ai 

Transactions  Sold. 397  76 

Transactions  Subscribers 175  00 

Advertising 144  45 

Received  for  Binding  Transactions 33  ^3 

"    Badges   149  08 

*•         "  Certificates 58  10 

•'         "   Congress-Book an  13 

Reprints  Vol.  4 3600 


Total, 


$11,469  38 


Expenses, 

Repairs $5  70 

Incorporation 1105 

Extra  Clerk 5  75 

Chicago  Meetings moo 

Library. a  30 

Directory 7  50 

Ice 8  35 

Duties 260 

Engrossing  Resolutions a6  00 

Laundry 675 

Office  Expenses S5  53 

Office  Fixtures 4260 

Express S3  64 

Telegrams 4  45 

Stenography  and  Typewritinie 987  75 

Stationary  and  Miscellaneous  Printing.  91a  56 

Posuge <579  33 

Messenger  Service s  48 

Salary  Account 3t499  9^ 

Meeting  Expenses 39o  39 

Rent  of  Office  and  Auditorium i,aoo  00 

Engraving  and  Electmtyping 655  96 

Publishing  I'ransactions 9i979  oi 

Binding  Transactions  and  Periodicals..  88093 

Paid  for  Badges. 16500 

Paid  for  Certificates aS  «5 

Congress  Book >x8  33 

Secretary's  Balance  to  next  year ao  so 

Treasurer's        *'       '•     *•        "      *39  99 


Total,  111,469  38 


The  outsunding  current  bills  against  the  Institute,  April  30,  amounted  to  .. .  $769  13 
Due  the  Institute  and  collectible  probably 674  80 

Property  in  New  York  City  according  to  inventory.  May  i,  1896. 

Office  furniture  and  fittings $1^7  75 

Transactions  on  hand i,9a6  00 

Congress  Books 8x900 

Library 900  00 

♦at43a  75 

Of  the  above,  there  has  been  purchased  during  the  year,  office  fittings 
amounting  to  $25.50.  The  inventory  has  been  made  at  a  low  valuation  and 
does  not  include  the  Transactions  of  1895. 

The  indebtedness  of  $2,511.29  brought  over  from  last  year,  has  been  paid, 
as  well  as  all  bills  of  the  current  year  up  to  April,  being  all  that  were  in 
hand  at  the  last  meeting  of  the  Finance  Committee,  excepting  one  of  $3a 
held  for  cause,  and  another  of  $208.33  not  due  until  May.  The  payment 
of  these  old  bills  necessarily  carried  over,  makes  an  apparent  increase  inex- 
p>enses  over  previous  years. 

Respectfully  submitted  for  the  Council, 

RALPH  W.  POPE, 

Secretary. 
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AMERICAN  INSTITUTE  OF  ELECTRICAL  ENGINEERS. 

New  York,  May  19th,  1896. 

treasurer's  report. 
From  May  i,  1895,  to  May  i.  1896. 

George  A.  Hamilton,  Treasurkr,  in  account  with 

American  Institute  ok  Electrical  Engineers 

Dr, 

Balance  from  May,  1895 $i86  a8 

Received  from  Secretary,  May  i,  1895  to  May  i,  1896 11,36a  9c    $11,449  18 

Cr. 

Payments  from  May  i,  i84;5  to  May  i,  1896,  on  warrants  from 

Secretary,  Nos.  618  to  759,  inclusive $11,20919 

Balance  to  new  account '^^BQ  99    $11,44918 

Balance  on  hand.  General  Fund,  May  i,  1896 339  99 


BUILDING    FUND. 

Balance  as  per  lasi  report $850  00 

Interect  accrued  to  May  i,  1896,  3  per  cent,  to  May  14,  189a 

and  a  per  cent  thereafter 8948         $93948 

Cash  book  and  warrants  herewith  for  audit.    Vouchers  are  in  the  hands 

of  the  Secretary,  to  whom  they  are  returned  for  filing  after  payment. 

GEORGE  A.  HAMILTON. 

Treasurer. 
New  York,  May  19th,  1896. 

It  was  voted  that  tlie  reports  be  accepted  and  placed  on  file. 

TnK  President. — Gentlemen,  the  counting  of  the  ballots  will 
take  so  long  that  I  think  it  would  be  well  to  defer  the  report 
from  the  tellers  until  to-morrow  morning.  Therefore,  I  will  de- 
clare this  meeting  adjourned  until  10  o'clock  to-morrow  morning. 

[Adjourned.] 


ASSOCIATE  MEMBEllS  KLE(rrEl)  AND  TKANSPERKEU. 


Council  31wtiiig,  May  19th.  1896. 

Name.  Address.  Endorsed  by. 

Hanc'Hett,  Geo.  T.        Editor,  with  Tho  W.  J.  Johnston  Townsciid  Wolcott. 

Co.,    253    Broa<lway,     N.    Y.;  W.  D.  Weaver, 

residence,  Hackensack,  N.  J.  Edward  CaldwoU. 

Hull,  S.  P.  Chief  Electrician  of  Iludson  Div.  T.  D.  Buncc. 

N.   Y.    C.   &    H.    R.   R.    Co..  J.  C.  Chamberlain. 

Poughkcepsie,  N.  Y.  A.  E.  Wiener. 

Lenz,  Charles  DranghUnian,    Brooklyn    Union  Jos.  Wetzler. 

Gas    Co.,    137  Nevins    Street,  T.  C.  Martin. 

Brooklyn,  N.  Y.  Max  Osterberg. 
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Martin,  James  A.  Superintendent,   The  E.  G.  Bcr-  B.  G.  Bernard. 

nard    Co.,    43    Fourth  Street,  Edward  Caldwell. 

Troy,  N.  Y.  W.  D.  Weaver. 

ScuwABE,  Waltee  P.    Electrician,   Rutherfonl,  Boiling  Walter  M.  Petty. 

Springs  and  Caristadt  Electric  Albert  Buys. 

Co.,   P.  0.  Box.  64  Caristadt,  John  E.  Lloyd. 
N.J. 
Total,  5. 


APPLICATIONS  FOR  TRANSFER  FROM  ASSOCIATE  TO  FULL 

MEMBERSHIP.    FINAL  ACTION. 


Approved  by  Board  of  Examiners,  A[)ril  15th.  1896. 


Roller.  John  E. 


EnoAR,  Chas.  L. 


Lieut.  U.  S.  Navy,  in  charge  of  lnsi>ection  and  In- 
stallation, U.  S.  Navy  Yard,  New  York. 

General  Manager  and  Chief  Engineer,   E<lison  Elec- 
tric Illuminating  Co.,  Boston,  Mass. 


Breituaupt,  E.  Carl      Electrical  Engineer,  Berlin,  Ont. 


Sever,  Georoe  F. 


Harrington,  W.  E. 


Bedell,  Frederick 
Total,  6. 


Instructor  in  Electrical  Engineering,  Columbia  Col- 
lege, New  York  City. 

Electric  Railway  Engineer,   Camden,   N.   J.;    1112 
Sansom  St.,  Philadelphia. 

Assistant    Professor  in  Physics,  Cornell  University, 
Ithaca,  N.  Y. 


GENERAL  MEETING. 


MORNING  SESSION. 


New  York,  May  20th,  1896. 

The  President. — The  first  business  this  morning  is  to  listen 
to  a  report  of  tlie  tellers. 

The  tellers  reported,  through  Mr.  Townsend  Wolcott,  as 
follows : 

Report  ok  Tellers. 
Annual  Meeting  at  New  York  City,  May  19tli.  1896. 

FOR  PRESIDENT. 
Total  Number  of  Votes  Cast 330 


Dr.  Louis  Duncan 287 

Dr.  P.  B.  Crocker 28 

A    E.  Kennelly 4 

Thomas  D.  Lockwood 3 

Elihu  Thomson 3 

Total 


Prof.  Edward  L.  Nich(»ls 2 

Charles  P.  Brush. 1 

F.  J.  Sprague 1 

C.  P.  Steinmetz 1 

330. 
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FOR  VICE-PRESIDENTS. 
Total  Votes  Cast 975 


C.  P.  Steinmetz 807 

H.J.  Ryan     «06 

W.  M.  Stine 267 

Elisha  Gray  10 

Dr.  Louis  lioll 8 

Nikola  Ti»8la 7 

C.  R.  Cross « 

J.J.  Cartv G 

B.  L.  Nichols 5 

A.  E.  Keiitielly 4 

C.  S.  BraiUoy a 

W.  J.  Jenks 3 

R.  H.  Pierce 3 

W.  L.  R.  Kminet 2 

F.  Iie<lell  2 

S.  1).  Greene 2 

A.  Macfarlanc 2 

I).  C.  tlackson 2 

Jos.  Wetzler 2 

G.  S.  Dunn 2 

C.  E.  Emerv. 2 

C.  T.  Hutcfiinson 2 


Elihu  Thomson. . . 

T.  A.  Edison 

E.  R.  Weeks 

S.  Sheldon 

A.  L.  Rohrer 

O.  T.  Crosby 

E.  W.  Rice,  Jr... 
W.  E.  Geyer   . .   . 

A.  V.  Abbott 

Geo.  Cutter 

L.  B.  Still  well.... 
II.  A.  Rowland... 
P.  W.  Darlington. 
U.S.  Carhart.... 

P.  Lange 

W.  D.  Weaver.... 
C.  O.  Mailloux.... 
H.  Ward  Leonard. 

A.  Schmidt 

W.  J.  Hammer. . . 
Henry  Morton. ... 
C.  D.  Haskins 


Total. 


976. 


FOR  MANAGERS. 
Total  Vote  Cast 1290 


L.  B.  Stillwell 288 

J.  W.  Licb,  Jr 282 

F.  A.  Pickernell 282 

Wm.  L.  Puffer 274 

E.  G.  Bernard 14 

Samuel  Sheldon 12 

Wm    Stanley 12 

Wm.  S.  Barstow 10 

A.  V.Abbott 7 

A.J.  Wurts 7 

G.  S.  Dunn 6 

S.  D.  Greene 5 

A.  L.  Rohrer 5 

G.  Wilkes 5 

F.B.Crocker 4 

Wm.  A.  Anthony 3 

O.  T.  Crosby 3 

B.C    Davidson 3 

F.  I^lcll 3 

S  S.  Wheeler 3 

E.  W.  Rice,  Jr 3 

J.  Wetzler 3 

F.S.  Pierson 2 

E.  Caldwell 2 

R.  H.  Pierce 2 

A.  Dow 2 

C.  R.  Cros.s 2 

Wm.  Maver,  Jr 2 

F.  W.Jones 2 

C.  E.  Emery 2 

R.  B.  Owens 2 

G.  D.  Shepherdson 2 

Total 


W.  L.  R.  Emmet 2 

W.  E.  Geyer 2 

C.  S.  Cornell 2 

J.  B.  Cah(X)n 2 

LouisBell 2 

R.  Mc.  A.  Lloyd 

N.  W.  Perry 

C.  D.  Orandall 

J.  S.  Brown 

M.  K.  Eyre 

H.  L.  Lufkin  

E.  A.  Sperry 

A.  S.  Hibbard 

W.J.  Jenks 

F.  J.  Si)rague 

B.  F.  Thomas 

F.  S.  Ilohnes 

C.  R.  Agnew 

K.  T.  Gilliland 

C.  Cuttriss 

W.  S.  Ahlrich 

E.  Merritt 

A.  C.  Crehore 

H.  V.  Hayes 

E.  Weston 

F.  Reckenzaun . . 

D.  C.  Jackson 

E.  B.  Ives 

M.  I.  Pupin 

C.J.  Field 

Nikola  Tesla 

C.  G.  Armstrong 

1290. 
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FOR  SECRETARY. 

Total  Votes  Cast 319. 

Ralph  W.  Pope 319 


FOR    TREASURER. 

Total  Votes  Cast 329. 

Geo  A.  Hamilton 326      I      W.  A.  Anthony 1 

Ralph  W.Pope 2      | 

Total 329. 

Total  number  of  votes  for  President  (3!K))  indicate  total  number  of  Itallots 
counted. 

Rejected  as  not  complying  with  Rules,  28.  In  all  but  one  case  this  was  due 
to  the  omission  of  name  on  outer  envelope,  in  the  other  case  tellers  couhl  not 
interpret  marks  made  upon  ballot. 

Respectfully  submitted, 

TOWNSEND   WOLCOTT, 

Wm.  J.  Hammer, 

Committee. 

Mr  Wolcott. — I  would  state  that  there  were  28  ballots 
rejected  because  they  did  not  comply  with  the  rules.  The  envel- 
opes containing  27  of  these  ballots  were  received  without  any 
signature  on  the  outside  by  which  to  identify  them,  and  they  had 
to  be  rejected.  The  other  ballot  was  marked  in  such  a  way  that 
it  was  impossible  for  the  tellers  to  ascertain  what  the  voter  meant, 
and  that  had  to  be  rejected. 

Mr.  l*ope  received  319  votes  as  Secretary,  which  was  the  total 
number  oi  votes  cast.  For  Treasurer  there  were  329  votes  cast, 
of  which  Mr.  Hamilton  received  326.  Although  there  were  more 
votes  cast  for  Treasurer  than  there  were  for  Secretary,  yet  the 
vote  for  Treasurer  was  not  unanimous.  The  reason  iot  that  is 
that  some  members  tore  off  the  Council  ticket  from  their  ballots, 
voting  the  other  part,  and  the  name  of  Mr.  Pope  was  not  on  that 
part. 

The  President. — The  next  business  is  the  report  of  the  Sub- 
Committee  on  '*  Standards  of  Light." 

The  following  report  was  then  read  by  Dr.  Edward  L.  Nichols : 


A  k€^»ri  prt^Med  At  tkt  tjik  Gtntral  Meeting  0/ 
tk*  A  merica  n  Instttute  0/  Electrical  Engineer t^ 
New  VcrJk,  May  20thy  /S96. 


STANDARDS  OF  LIGHT. 


Preliminary  Report  of  the  Sub-Committee  of  the  Institute. 


BY    EDWARD    L.    NICHOLS,   CLAYTON    H.    SHARP,    AND   CHARLES 

P.    MATTHEWS. 


One  of  the  siib-committees  appointed  in  1893  to  investigate  the 
subject  of  a  suitable  standard  of  light  for  photometric  purposes 
has  been  engaged  upon  preliminary  experiments,  and  upon  the 
collection  of  data  concerning  the  existing  standards,  and  also  of 
such  other  sources  of  light  as  might  be  regarded  as  possible  sub- 
stitutes for  the  standards  now  in  use.  Such  investigation  is  a 
necessary  preparation  for  the  consideration  of  recommendations 
looking  to  the  adoption  of  any  new  standard. 

The  committee  is  still  at  work  upon  these  preliminary  experi- 
ments, but  it  has  readied  a  stage  when  it  seems  desirable  to  make 
the  following  report  of  progress. 

I. 

The  following  sources  of  liglit  have  been  in  use  in  photometric 
work  for  a  sufficient  lengtli  of  time  to  enable  various  observers 
to  become  acquainted  with  tlieir  merits  and  likewise  with  their 
imperfections. 

(1)  The  Carcel  Lamp. 

(2)  The  British  Standard  Candle. 

(3)  The  German  Standard  Candle  (Vereinskerze). 

(4)  The  Methven  Screen. 

(5)  The  Hefner-Alteneck  Amyl-acetate  Lamp. 

(6)  The  Harcourt  Pentane  Standard. 

(7)  "  "  "       Lamp. 
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In  addition  to  these,  the  Violle  platinum  standard  of  light  has 
been  before  the  scientific  public  for  several  years,  and  although 
it  has  not  gone  into  extensive  practical  use,  it  has  been  subjected 
to  severe  tests  in  the  laboratory  of  the  Gennan  Imperial  Institute 
for  Research  (Reichsanstalt  in  Charlottenburg)  and  elsewhere. 
Various  luminous  gas  flames,  also  incandescent  lamps,  have  been 
extensively  used  as  secondary  standards.  The  following  standards 
have  likewise  been  proposed,  and  a  certain  amount  of  work  has 
been  done  to  demonstrate  their  good  properties  and  to  determine 
the  degree  of  accuracy  with  which  they  can  be  reproduced. 

(1)  The  crater  of  the  positive  carbon  in  the  arc. 

(2)  The  surface  of  a  strip  of  platinum  heated  by  means  of  a 
current  to  an  arbitrarily  defined  temperature. 

Finally  there  are  a  number  of  light  sources  which  must  be 
taken  into  account  in  the  selection  of  a  standard  of  light,  aside 
from  those  which  have  been  mentioned  in  the  above  list.  Such 
are  gas  flames  burning  within  a  mantle  of  pure  oxygen  (The 
Bude  Light),  the  acetylene  flame,  the  various  incandescent  man- 
tle burners,  the  light  from  other  glowing  metallic  oxides,  such  as 
the  zircon  light  and  the  light  of  burning  magnesium. 

The  committee  proposes  to  present  in  this  report  a  summary 
of  measurements  which  have  been  made  upon  the  various  sources 
of  light  mentioned  above,  with  a  view  to  reaching  some  decision 
with  reference  to  their  relative  merits  as  light  standards.  It  is 
hoped  thus  to  pave  the  way  for  ex[)eriments  leading  to  the  rec- 
ommendation of  new  definitions  of  the  standard  of  light,  or  at 
least  to  the  recommendation  of  greatly  improved  procedure  in 
the  handling  of  existing  standards. 

In  the  case  of  many  of  these  sources  of  light,  the  members  of 
the  committee  have  made  extensive  measurements  of  their  own, 
either  in  the  verification  of  existing  statements,  or  in  the  ex- 
ploration of  questions  hitherto  not  definitely  attacked.  It  is 
proposed  in  this  report  to  give  a  brief  resum^  of  these  experi- 
ments, some  of  the  results  of  which  have  already  appeared  else- 
where, and  to  summarize  the  existing  work  of  previous  invest- 
igators, so  far  as  the  committee  is  acquainted  with  the  same. 

II. 

Tests  of  standards  of  light  belong  to  one  of  two  general 
classes ;  in  the  first  class  are  included  all  comparisons  of  flames 
with  flames,  the  results  of  the  tests  being  in  this  case  affected  by 
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tlie  change  of  tlie  standard  flame  with  the  purity,  temperature, 
and  hygrometric  state  of  the  atmosphere.  They  show  in  gen- 
eral only  the  variations  of  the  standard  in  question  which  take 
place  during  short  periods  of  time,  and  demonstrate  nothing 
concerning  the  variations  which  take  place  from  day  to  day.  In 
the  second  cla^s  are  included  all  comparisons  of  light  standards 
with  glow  lamps  and  also  bolometer  tests. 

Tests  of  British  Standard  Candles. 

The  British  standard  candles  were  specified  by  act  of  Parlia- 
ment, in  18()0,  to  be  sperm  candles  weighing  six  to  the  pound, 
and  burning  120  grains  per  hour.  In  spite  of  universal  con- 
demnation by  all  wlio  have  tested  this  standard,  it  still  maintains 
its  position  in  Great  Britain  and  America. 

Messrs.  Ilarcourt,  Keats  and  Methven,  appointed  by  a  com- 
mittee of  the  Board  of  Trade  to  investigate  the  performance  of 
British  caudles,  found  a  difference  of  15  per  cent,  in  the  aver- 
age illuminating  power  of  legal  candles,  while  two  pairs  showed 
a  maximum  variation  of  22.7  per  cent. 

Ileisch  and  Hartley,  acting  for  the  committee  on  light  stand- 
ards of  the  Council  of  the  Gas  Institute,  found  that  the  differ- 
ences in  the  illuminating  power  of  candles  ranged  from  1.3  per 
cent,  to  16  per  cent,  the  average  difference  being  7.05  per  cent. 
They  also  reached  tlie  conclusion  that  sperm  candles  developed 
more  light  per  grain  of  sperm  consumed,  than  they  had  done 
several  years  before. 

Dibdin  conducted  two  long  series  of  experiments  with  various 
standards,  reporting  the  results  of  the  tests  to  the  Metropolitan 
Board  of  Works.  He  comjmred  the  standards  with  the  flame 
produced  by  a  specially  stored  coal-gas.  His  tests  were  very  ex- 
tensive, and  his  re}X)rts  voluminous  and  exhaustive.  For  the 
British  candle  he  found  in  his  first  series  of  tests  a  maximum 
variation  of  14.9  per  cent.,  which  occurred  twice,  and  a  maxi- 
mum total  variation  in  a  single  group  of  23.2  per  cent,  which 
also  occurred  twice.  The  mean  variation,  disregarding  signs, 
was  3.6  per  cent.  Variations  of  from  five  to  eight  per  cent. 
were  common;  13.7  per  cent,  of  the  testa  were  within  one  per 
cent,  of  the  mean.  In  the  second  series  the  maximum  varia- 
tion was  11.7  per  cent.,  and  the  maximum  total  for  one  group 
19.3  per  cent.  The  mean  variation  was  smaller  on  account  of 
the  fewer  observations  in  each  group.     This  may  account  for  the 
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fact  that  in  this  series  34  per  cent,  were  within  one  per  cent,  of 
the  mean. 

In  his  next  report  he  combats  the  view  of  Heisch  and  Hart- 
ley that  candles  gave  more  light  per  grain  of  sperm  then,  than 
they  had  given  several  years  before.  Comparing  determina- 
tions of  the  candle  power  of  the  Carcel  lamp  made  in  1870  with 
others  made  in  1879,  he  found  that  the  illuminating  power  of 
candles  had  decreased  rather  than  increased  during  these  nine 
years. 

A  committee  of  the  British  Association,  comprising  numer- 
ous distinguished  members  of  tliat  body,  in  their  fourth  report 
rendered  at  the  Plymouth  meeting  in  1888,  gave  the  results  of 
extensive  tests  of  candles.  Their  comparison  standard  was  a 
burner  supplied  with  coal-gas  which  had  been  enriched  with  pen- 
tane.  Of  118  experiments,  98  gave  differences  of  one  per  cent, 
from  the  mean,  57  gave  differences  of  two  per  cent.,  19  of  five 
per  cent,  while  differences  of  nine  per  cent,  to  ten  per  cent,  were 
produced  only  very  irregularly.  They  concluded  that  candles 
are  not  worthy  to  be  called  standards,  although  they  conform  to 
the  legal  requirements,  and  that  the  intensity  of  their  light  is 
affected  by  the  purity  of  the  air  in  the  room,  the  shape  and  con- 
struction of  the  wick,  the  nature  of  the  sperm  and  by  other 
causes. 

They  also  pointed  out  that  the  spermaceti  is  not  a  substance 
of  definite  chemical  composition  ;  that  improvements  in  the 
process  of  manufacturing  have  resulted  in  what  is  known  as  a 
"  dryer  "  sperm,  one  containing  less  oil ;  that  to  prevent  crystal- 
lization, a  variable  quantity  of  beeswax  is  added.  They  inferred 
from  these  considerations  that  it  is  probably  true  that  the  illu- 
minating power  of  candles  has  changed  since  the  quality  of 
sperm  employed,  the  construction  of  the  wick  with  respect  to 
the  number  of  strands,  the  tightness  of  the  twist,  etc.,  are  not 
specified  in  the  act,  but  are  left  to  the  option  of  the  makers. 
This  committee  regarded  as  the  chief  source  of  the  oscillations 
of  the  light : 

(1)  Changes  in  the  length  and  shape  of  the  wick. 

(2)  Difference  in  the  height  of  the  melted  sperm  in  the  cup 
of  the  candle. 

Photometric  observations  by  the  many  other  observers  have 
simply  served   to  confinn   the   above  conclusions.      A   recent 
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Dutch  commiflsion,  for  example^,  found,  from  many  tests,  the 
mean  fluctuation  in  the  intensity  of  British  standard  candles  to 
be  ±  2.43  per  cent.,  with  a  maximum  of  9.70  per  cent. 

Methven  has  shown  the  following  variations  in  the  intensity 
of  a  candle  to  take  place  with  changes  in  the  azimuth  of  the 
plane  of  the  wick.  Two  candles  were  used,  their  intensities  be- 
ing as  follows : 

Plane  of  the  wicks  perpendicular  to  bar,  o.  p.  =  1.999. 

Wicks  pointing  away  from  the  photometer,  c.  p.  =1.933. 

Wicks  pointing  towards  the  photometer,  c.  p.  =  1.957. 

lie  found  also  that  a  candle  which  gave  in  dry  air  an  inten- 
sity of  1.104  gave  in  moist  air  an  intensity  of  1.196, — a  varia- 
tion of  8.38  per  cent.^ 

TIL 

BoLOMETKic  Measurement.' 

The  extraordinary  fluctuations  of  such  sources  as  the  British 
candle,  make  photometric  measurements  difficult  and  uncertain. 
The  consideration  of  the  discrepancies  exhibited  in  the  results  of 
previous  observers  suggested  to  the  members  of  your  committee 
the  substitution  of  the  bolometer  for  the  eye,  in  the  study  of 
such  sources  of  light.  The  following  is  a  summary  of  the  in- 
vestigation which  resulted  from  this  suggestion. 

Description  of  Apparatus. 

A  piece  of  Swedish  iron  wire,  of  No.  30  B.  &  S.  gauge,  was 
passed  through  jeweler's  rollers  until  its  thickness  was  about 
0.045  mm.  and  its  widtli  1.5  mm.  It  was  then  placed  in  dilute 
sulphuric  acid,  in  wliicli  potassium  bichromate  had  been  dis- 
solved, and  a  current  was  passed  through  it  in  such  a  manner  as 
to  dissolve  the  iron.  The  potassium  bichromate  was  introduced 
into  the  solution  to  dispose  of  the  hydrogen  bubbles  which 
would  ordinarily  have  clung  to  the  metallic  surface,  and  which 
would  have  caused  it  to  be  dissolved  unevenly. 

1.  For  an  abstract  by  KrUss^see  Journal  far  Ocu  Beleuehiung  und  Wa$$ertier'^ 
mrgung  (1894). 

2.  John  Methven  :  Dingl&r*B  PotyUchntsch^  Journal,  vol.  277,  p.  276, 
taken  from  London  Oat  World,  1880,  p.  572.  See  also  Sugg  :  Journal  for 
Oa$  Lighting,  which  is  reprinted  in  the  Scientific  American  iiupplement.  No, 
484,  p.  7726. 

8.  For  a  more  detailed  description  of  these  measurements,  see  Sharp  and 
Tamball,  PhyHoal  Bevieto,  vol.  ii,  p.  1. 
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In  this  way  tlie  strip  waa  obtained  wLieli  was  about  0.025  mm, 
in  thickness  and  still  moderately  stron)^.  From  this  strip  were 
cut  two  pieces,  each  about  6  cm.  in  length,  to  constitute  two 
arms  of  a  Wheatstone  bridge. 

To  carry  the  strips  so  obtained,  a  light  oblong  frame,  F  (Fig. 
1),  of  thin  wood  was  made,  and  to  it  were  fastened  small  bits  of 
sheet  brass,  h,  b,  I,  to  which  the  strips  aud  the  copper  wires  in- 
tended to  connect  them  with  the  other  arms  of  the  bridge  could 
be  soldered.  The  strips,  S,  jS",  were  then  bent  and  placed  over 
the  frame,  so  that  each  atrip  crossed  the  frame  twice.  The  free 
ends  of  each  strip  were  displaced  laterally  from  each  other,  so 
that,  wlien  viewed  from  tlie  front,  the  portion  of  the  strip  on 
one  side  of  the  frame  hid  only  very  little  of  the  portion  on  the 
other  side  of  the  frame. 

After  the  two  strips  had  been  arranged  on  the  frame  sym- 


metrically with  respect  to  each  otlier,  the  one  whicli  was  to  re- 
ceive radiation  was  carefully  smoked  on  l>otli  sides.  To  accom- 
plish this  smoking  without  umlue  heating  of  the  strip,  a  piece  of 
sheet  metal,  through  which  a  small  hole  liad  l>een  punched,  was 
held  over  a  candle  tiame  so  that  the  flame  was  caused  to  smoke. 
The  smoke  passed  tlirough  tlie  hole,  over  which  a  tube  was  held 
to  direct  the  current.  The  strip  was  ]>as6cd  back  and  fortli  over 
the  top  of  the  tube.  In  this  way  a  very  delicate  strip  can  be 
blackened  without  injury.  In  their  completed  state,  tlie  strips 
had  a  resistance  of  about  0.5  ohm  each. 

Tlie  frame  holding  the  strips  was  mounted  in  a  wooden  box 
about  20  cm.  long  and  5  cm.  X  6  cm.  in  cross-section.  A  num- 
ber of  suitable  cardboard  screens  were  jilaced  in  the  front  por- 
tion of  the  box  to  shield  one  of  the  strips  from  radiation  and  to 
protect  both  of  them  from  draughts.     To  close  tlie  box  at  its 
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other  end,  a  piece  of  bright  tin  was  cut  equal  in  size  to  the  cross- 
section  of  the  box.  This  was  soldered  fast  to  a  heavy  block  of 
brass,  to  the  other  end  of  which  was  soldered  another  piece  of 
tin  which  covered  the  end  of  the  box.  When  this  arrangement 
was  placed  in  the  box,  the  first  piece  of  tin  came  close  behind 
the  bolometer  strips,  ami  its  bright  surface  acted  as  a  mirror  in 
reflecting  upon  the  back  of  the  exposed  strips  many  rays  which 
would  otherwise  have  been  lost. 

By  this  means  the  efficiency  of  the  bolometer  was  nearly 
doubled.  The  tinned  surface  did  not  tarnish  perceptibly  during 
the  course  of  the  investigation.  It  was  not  smooth  enough  to 
reflect  a  distinct  image,  and  the  light  reflected  from  it  was  to  a 
large  extent  scattered.  The  use  of  a  plane-surfaced  mirror  in 
such  a  position  would  not  be  allowable,  since  any  slight  change 
in  the  angle  of  incidence  would  cause  a  different  amount  of  light 
to  be  reflected  upon  the  bolometer  strip.  The  use  of  the  irregu- 
lar-surfaced plate,  since  it  diffuses  the  light,  can  scarcely  affect 
the  accuracy  of  the  results  to  an  appreciable  degree  in  such  work 
as  has  been  done  with  this  bolometer.  Nevertheless,  this  ar- 
rangement is  to  be  recommended  only  where  great  sensitiveness 
is  desired  rather  than  the  most  exact  comparison  of  results. 

The  galvanometer  employed  was  of  the  four-coil  type.  It  was 
constructed  by  Professor  W.  S.  Franklin,  after  the  same  general 
plan  as  has  been  followed  by  Snow,*  Paschen,'  and  others.  When 
the  two  front  coils  were  in  multiple  with  each  other  and  the  two 
rear  coils  similarly  connected,  and  the  two  pairs  were  connected 
in  series,  the  resistance  was  found  to  be  190  ohms.  The  moving 
parts  consisted  of  four  little  magnets  of  piano  wire,  each  about 
5  mm.  long,  and  a  mirror  of  thin  cover  glass,  4  mm.  wide  by  7 
mm.  long,  all  mounted  on  a  slender  rod  of  glass  and  suspended 
by  a  very  fine  quartz  fiber.  Any  oscillations  of  the  needles  were 
very  strongly  and  effectively  damped  by  the  air  resistance  to  the 
light-moving  parts — a  very  essential  condition  to  the  correct 
operation  of  the  instrument  when  used  to  get  the  variations  of  a 
rapidly  fluctuating  source  of  radiant  energy. 

The  scale  was  divided  into  100  half-inch  divisions,  each  of 


1.  B.  W.  Snow,  -'Wied.  Ann.,"  Vol.  47,  p.  213  ;  PAy#.  iZmVw,  Vol.  1,  p.  2. 

2.  P.  Paschem,  "Wied.  Ann.,"  Vol.  48,  p.  272  ;  ZeiUehr,  fur  Initrumenten- 
kunde.  Vol.  18,  1808,  p.  18. 

8.  AngstrSm,  **0efver8.af  kongl.  Vetenskaps-Akad.  FOrhandl.,"  1888,  Vol.  6 
p.  879. 
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which  was,  in  turn,  divided  into  tentlis.  The  distance  of  the 
scale  from  the  galvanometer  was  100  scale  divisions,  i.  e,  50 
inches.  With  the  telescope  used,  fifths  of  the  smallest  divisions 
could  be  estimated.  In  speaking  of  scale  divisions,  the  half-inch 
divisions  will  always  be  meant. 

To  test  the  sensitiveness  of  the  apparatus,  the  galvanometer 
was  adjusted  until  the  period  of  the  needles  was  six  seconds  for 
a  complete  vibration.  A  deflection  of  one  scale  division  corre- 
sponded to  a  current  of  68  X  10~*"  amperes. 

This  deflection  of  one  scale-division  corresponded  to  a  tem- 
perature rise  in  the  bolometer  strips  of  0°.00657  C.  If  we  re- 
duce this  to  millimeter  divisions  on  a  scale  placed  at  a  distance 
of  1  m.  from  the  mirror,  we  see  that  one  millimeter  deflection 
corresponded  to  a  current  of  68  X  10"""  amperes,  and  the  corre- 
sponding rise  in  temperature  of  the  strip  was  0°.00066  C. 

This  temperature  sensitiveness  is  much  smaller  than  has  usu- 
ally been  employed  in  bolometer  work,  but  it  was  amply 
suflicient  for  the  purpose.  That  the  bolometer  itself  was  one  of 
high  sensitiveness  is  evident  from  the  fact  tliat  this  degree  of 
sensitiveness  was  attained  with  galvanometer  needles  swinging 
iu  a  strengthened  field  and  with  a  galvanometer  of  190  ohms  re- 
sistance. The  conditions  for  maximum  sensitiveness  of  the  bridge 
would  have  required  a  galvanometer  resistance  of  only  0.5  ohm. 

The  reason  for  the  great  sensitiveness  lay  in  the  nature  of  the 
strips  employed.  Their  area  was  considerable,  the  temperature 
coetficient  of  the  iron  was  high,  and  the  current  through  it  was 
large,  ranging  from  0.15  to  0.20  ampere,  the  size  of  the  strips 
permitting  the  use  of  a  large  current  without  undue  heating. 
As  a  result  of  the  strong  field  in  which  the  galvanometer  needles 
swung,  the  drift  due  to  magnetic  changes  was  usually  imper- 
ceptible. 

The  bolometer,  compensating  resistance,  and  battery  were  all 
placed  in  an  interior  room,  with  thick  brick  walls,  and  having 
coinmunication  with  the  outer  room  only  by  a  door,  Z>,  Fig.  2. 

The  tem[)erature  of  this  room  changed  very  slowly,  and  it 
was  quite  free  from  drafts.  The  bolometer  box,  /?,  was  placed 
upon  a  shelf  fastened  to  the  door  of  the  room,  and  looked  out 
through  a  hole  in  the  door  upon  the  outer  room,  A  double 
screen,  S^  of  tin,  arranged  to  slide  up  and  down  on  the  outside 
of  this  door,  covered  up  the  bolometer  strips  when  desired.  The 
box  B'y  containing  the  compensating  resistance,  was  also  fastened 
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to  the  inside  of  the  door.  The  end  of  the  box  throiif^h  which 
the  screw  projected,  fitted  into  a  hole  in  the  door,  bo  that  the 
screw  would  1)e  turned  and  the  bridge  balanced  from  the  outer 
room. 

In  getting  the  variations  of  randies,  a  special  device  was  re- 
quired to  keep  the  top  of  the  burning  candle  at  constant  height 
in  front  of  the  bolometer  strip,  A  suggcstioD  of  Mr.  C.  H. 
fiierbaum,  M.  E.,  resnlted  in  the  construction  of  the  following 
simple  and  effective  arrangement.  A  spiral  spring,  about  60 
cm,  long  and  4  cm.  in  diameter,  was  attached  to  a  small  scale- pan, 


and  the  spring  was  cut  off  to  snch  a  length  that  when  a  candle 
was  put  on  the  scale-pan,  the  elongation  was  just  cqnal  to  tlie 
length  of  the  candle.  The  spring  would  then  take  up  as  fast  as 
the  top  of  the  candle  was  lowered  by  burning.  A  small  piece 
of  sheet  metal  served  to  protect  the  spring  from  the  beat  of  the 
candle.  In  order  to  keep  the  scale-pan  from  swinging  sidewise 
and  from  oscillating  up  and  down,  a  couple  of  wires  were  {>assed 
vertically  through  holes  on  opposite  sides  of  it,  and  served  as 
loosely  fitting  guides,  which,  withont  interfering  with  the  take- 
up  of  the  spring,  effectually  damped  any  vibrations.     The  ad- 
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justment  of  a  spring  to  any  caudle  eonld  be  made  in  a  few 
minutes  with  sufficient  accuracy  so  that  the  height  of  the  top  of 
a  candle  burning  on  the  scale-pan  would  not  vary  over  1  mm.  in 
an  hour.     C\  Fig.  2,  shows  this  arrangement  in  place. 

Method  of  Taking  Observations. 

All  determinations  of  the  variations  of  standards  were  made 
at  times  when  the  laboratory  and  its  surroundings  were  very 
quiet.  Most  of  them  were  made  between  the  hours  of  seven 
and  twelve  in  the  evening;  a  few  were  made  on  holidays,  when 
the  laboratory  was  closed  for  general  work.  Before  beginning  a 
set  of  observations  the  sensitiveness  was  adjusted,  and  the  gal- 
vanometer was  carefully  watched  for  a  considerable  time  to  get 
the  amount  of  its  swings  due  to  currents  of  air  about  the  bolo- 
meter strips  or  to  changes  in  the  earth's  field.  The  sensitiveness 
was  also  tested  from  time  to  time.  If  the  movement  amounted 
to  more  than  two  tenths  of  a  scale  division  no  run  was  attempted. 

After  taking  these  preliminary  observations  which  usually  re- 
quired about  an  hour's  time,  the  bolometer  was  exposed  to  the 
source  of  light.  The  galvanometer  deflections  were  read  rapidly 
by  one  person  and  were  plotted  by  another  as  fast  as  read,  the 
times  being  taken  from  a  watch.  In  this  way  curves  were  traced 
which  represent  very  truly  all  the  changes  in  the  radiation  of  the 
light  source. 

The  character  of  the  results  obtained  with  the  British  candle 
is  exhibited  in  Fig.  3. 

An  unfortunate  feature  in  these  curves  is  that  the  scale  of  ab- 
scissas, representing  times,  is  so  small.  As  a  result  of  this,  it 
has  been  difficult  to  represent  with  the  greatest  accuracy  the 
true  slope  of  those  portions  of  the  curves  which  correspond  to 
very  rapid  changes  in  radiation.  In  examining  the  curve,  it 
should  be  borne  in  mind  that  a  very  steep  line  may  cover  sev- 
eral seconds  of  time,  and  that  it  is  quite  possible  that  a  photo- 
metric setting  might  be  made  during  the  time  tliat  a  candle  is 
executing  just  such  a  variation  as  is  represented  by  the  steejxjst 
parts  of  one  of  the  candle  curves.  The  number  of  galvano- 
meter readings  plotted  during  the  space  of  five  minutes  was 
usually  from  50  to  100. 

At  the  end  of  a  run,  the  strips  and  surrounding  parts  were 
given  time  completely  to  lose  the  heat  imparted  to  them,  after 
which   readings  for  zero  and  sensitiveness  were   taken.      The 
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curves  were  corrected  for  changes 
using  tlie  equation : — 

change  in  sensitiveness 


1  zero  and  in  sensitiveneee, 


initial  soiisitivei 


X  approximate  mean  ordinate 

=  correction  to  ordinate. 


It  has  been  impossible  to  draw  the  curves  so  as  to  show  clearly 
the  minor  fluctuations  due  to  minute  changes  in  the  intensity  of 
the  radiation,  since,  as  has  been  said,  the  scale  to  which  the  time 
abscissas  are  plotted  is  very  small,  compared  with  the  scale  of 
ordinattis.  These  important  pecnliarities  of  the  movements  of 
the  galvanometer  needle  were  clearly  perceptible,  however,  to 
one  who  observed  the  galvanometer  deflections  for  only  a  litte 
time,  while  their  character  made  it  perfectly  evident  that  the 
swings  of  the  galvanometer  needles  in  their  natural  period  exer- 
cised only  an  inappreciable  inftnence  on  the  slopes  of  the  curves 
and  the  magnitudes  of  the  variations  recorded. 

TABLE  I. 

BOLOHETKIC:    HRjtNUBBaEMS   OF  TIIE   BBITiail   CANDLE. 
(DATA  FOR  CORRECTIONS  OF  TBB  CDBVES.) 
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In  Fig.  3,  and  in  snhseqncnt  cuts  containing  liolometric 
curves,  the  smallest  divipions  of  abscissas  represent  Jive  minutes 
of  time.  The  corresponding  divisions  of  ordinates  are  five  di- 
visions of  the  galvanometer  scale.  In  order  to  economize  space, 
no  attention  has  been  given  to  the  height  of  the  curves  relative 
to  the  base  line  on   the  plates.     The   total   ordinates   for  each 

curve  are  indicated  by  such  a  symbol  as  this        \   40,   indirat- 
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ing  tliat  the  true  X-axis  for  curves  I.  and  II.  should  be  placed 
ten  divisions  below  the  base  line  on  the  plate.  Consequently, 
on  the  various  plates,  curves  having  the  same  ordinates  are  plot- 
ted one  above  the  other,  the  true  ordinate  being  indicated  in  the 
way  mentioned  above. 

The  data  by  which  the  curves  have  been  corrected  are  given 
in  Table  I. 

Table  II.  gives,  in  its  liret  column,  the  approximate  abscissas 
of  the  portion  of  the  curve  in  question,  and  in  its  second  column 
the  mean  ordinates  of  these  portions.  The  third  column  con- 
tains the  deviations  of  the  mean  ordinates  of  the  portions  from 
the  mean  ordinate  of  the  whole  curve.  The  fourth  column  con- 
tains these  deviations  reduced  to  percentages  of  the  whole.  The 
fifth  contains  similar  deviations  from  the  mean  ordinate  of  all 
the  curves  of  the  particular  standard  under  consideration,  and  in 
the  sixth  these  also  are  reduced  to  percentages. 

Discussion  of  the  Results  Obtained  with  British  Candles. 

Fig.  3  shows  the  curves  given  by  the  English  standard  candles. 
In  curves  III.  and  IV.  the  candles  were  lighted  at  their  tops.  The 
wicks  flared  up  and  gave  a  high  point  on  each  curve,  which  in 
the  case  of  curve  IV.  is  not  shown  on  the  plate.  The  flames 
then  increased  gradually  to  their  normal  size,  which  was  reached 
after  al)out  15  miimtes.  Curves  III.  (a)  and  IV.  (a)  are  con- 
tinuations of  III.  and  IV.  The  candles  were  allowed  to  burn 
during  the  interval  between  the  curves,  which  in  the  case  of  III. 
and  III.  (a)  was  45  minutes,  and  in  the  case  of  IV.  and  IV.  (a) 
was  55  minutes.  During  III.  the  room  was  rather  more  draughty 
than  during  III.  («),  and  the  effect  of  the  draughts  is  seen  in  the 
much  larger  numbers  of  small  irregularities  in  the  former  than 
in  the  latter  curve.  J)uring  the  interval  between  IV.  and  IV.  (a) 
the  height  of  the  flame  of  the  c^indle  was  found  to  vary  between 
43  and  48  mm. 

Curve  I.  was  taken  with  the  portion  of  candle  left  over  from 
IV.  and  IV.  (a).  It  was  lighted,  its  wick  being  already  charred 
and  its  crater  formed,  and  readings  were  taken  immediately. 
Curve  II.  was  taken  with  the  lower  half  of  the  candle  used  in 
getting  III.  and  III.  {a).  The  bottom,  i.  e.  the  larger  end  of 
this,  was  hollowed  out  to  expose  the  wick,  and  readings  were 
taken  after  the  candle  had  been  burning  long  enough  to  come  to 
its  normal  light-giving  power.     The  agreement  in  the  amount  of 
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30  35 
35-40 
40-45 
45-50 
50-55 
55-^ 


60-65 
65-70 
70-75 
75-80 
80-85 
85-OQ 


38.65 
3084 
3807 
3576 
35.7a 
37-«'4 
35.84 
37.»6 
36.96 


37.23 


38.26 

3904 
38  26 

40.84 
40.84 
41.16 


39-73 


t 


4- 1. 4a 
2.61 
0.84 

— >.47 
— «  5« 
— 0.19 

— «-39 
— 0.07 

— 0.27 


3-83 

7.01 

-2.36 

•3.87 
■4-05 
■0.51 

■3-75 
■0.02 
■0.72 


2.44 
■1.25 
■3.03 

-5.33 

5-37 

■4.05 

525 

-393 

4-»3 


—  5.94 
—304 

—  7.35 

—  13.95 

—  13.08 
-9.84 

—  13.78 

—9  55 
— 10.05 


Correction  tor  rate  of  burning  =  -f-o  45. 


—  1.47 
—0.69 

--X-47 
-|-i.ii 
4-1. II 
+  '•43 


—3-70 
—  1.74 
—3.70 
-f-2.80 
-j-a.8o 


— a.83 
— 2  05 
—2.83 
— 0.25 
— 0.25 
4-0.07 


—6.88 

—4-99 
—6.88 
— 0.62 
— 0.62 
-fo.17 


Correction  for  rate  of  burning  =  -{-0.45. 


Mean  ordinate  of  all  the  English  candle  curves  is  41.09. 

Mean  ordinate  of  all  the  English  candle  curves  corrected  for  rate  of  burning  is  41.05. 
Mean  ordinate  of  all  the  Ent(lish  candle  curves  corrected  for  rate  and  reduced  to  true  de- 
/lections  is  41.06. 
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radiation  of  the  candle  bnmed  in  this  way,  with  the  amount 
when  burned  from  the  smaller  end,  shows  that  the  variation  in 
the  diameter  of  the  candle  has  little  if  any  influence  on  the  in- 
tensity of  the  light  emitted. 

One  marked  peculiarity  which  characterizes,  to  a  greater  or 
less'  degi'ee,  all  these  curves,  is  the  succession  of  sudden  drops 
followed  by  gradual  rises  to  a  maximum.  In  the  case  of  the  drop 
in  curve  lY.  at  55  minutes,  the  change  amounted  to  15  per  cent, 
of  the  total  deflection,  and  in  other  instances  the  change  was 
nearly  or  quite  as  large.  The  reason  for  these  drops  is  to  be 
looked  for  in  the  action  of  the  wick,  which,  as  the  candle  bums 
down  projects  farther  above  the  spermaceti,  causing  a  tall  flame. 
Finally,  by  reason  of  charring  and  because  of  its  own  weight,  it 
bends  over  and  the  ends  burns  off.  The  flame  following  the 
wick  becomes  shorter. 

Since  the  wicks  of  English  standard  candles  are  very  uniform 
in  construction,  these  drops  succeeded  each  other  after  nearly 
regular  time  intervals  of  about  three  minutes. 

A  confirmation  of  these  results,  together  with  conclusive  evi- 
dence of  the  legitimacy  of  the  bolometric  method  of  studying 
light  sources  will  be  found  in  section  IV.  of  this  report. 

IV. 

The  study  of  the  irregularities  exhibited  by  the  British  candle 
suggested  to  one  of  the  members  of  your  committee  that  the  use 
of  a  different  criterion  of  the  light  emitted  by  a  candle  than  that 
now  employed,  namely,  rate  of  consumption  of  sperm,  might 
lead  to  better  results  in  their  use.  The  method  proix)sed  is  to 
measure  at  the  time  that  the  photometric  setting  is  made,  the 
height  of  the  flame.  Then  knowing  the  relation  between  flame — 
height  and  intensity  of  light  emitted,  to  reduce  the  instantaneous 
intensity  to  intensity  at  standard  height. 

Two  methods  were  employed  to  determine  the  ratio  of  the 
flame  height  to  the  intensity.  In  the  first  method  the  intensity 
of  the  radiation  of  the  candle  was  measured  by  the  lx)lometer  in 
the  way  previously  described.  To  measure  the  height  of  the 
flame,  a  long  camera  was  constructed,  having  its  lens  and  ground- 
glass  plate  at  a  fixed  distance  from  each  other.  The  ground- 
glass  plate  was  graduated  empirically  to  read  directly  in  milli- 
meters the  height  of  objects  focussed  upon  it.  The  candle  was 
placed  on  a  pan  attached  to  a  spiral  spring  of  such  a  length  that 
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its  elongation  would  be  just  .equal  to  the  length  of  the  candle. 
By  this  arrangement  the  top  of  the  candle  was  kept  at  a  con- 
stant height  above  the  floor,  and  when  once  the  image  of  the 
base  of  the  flame  had  been  accurately  adjusted  on  one  of  the 
lines  of  the  camera  screen  (to  facilitate  which  the  screen  was 
capable  of  a  slight  vertical  movement),  it  remained  there  during 
a  considerable  period  of  time.  Hence,  to  measure  the  height  of 
the  flame  at  any  instant,  it  was  necessary  only  to  glance  at  the 
image  of  the  top  of  the  flame  and  to  note  its  position  on  the 
screen. 

The  magnifying  power  employed  was  about  two,  and  heights 
were  measured  only  to  0.5  mm.  Greater  closeness  of  measure- 
ment was  deemed  unnecessary  on  account  of  the  ill-defined 
nature  of  the  base  and  tip  of  the  flame.  The  actual  base  of  a 
candle  flame  is  diflicult  to  observe,  on  account  of  the  small  quan- 
tity of  light  which  it  emits.  The  procedure  adopted  was  to  set 
on  the  line  of  demarkation  between  the  charred  and  uncharred 
portions  of  the  wick,  since  this  was  found  usually  to  mark  the 
base  of  the  flame.  In  case  a  close  inspection  of  the  candle 
showed  the  base  of  the  flame  to  be  slightly  above  this  point,  a 
further  adjustment  of  the  screen  was  made. 

In  order  to  ensure  great  steadiness  of  the  flame,  the  candle 
was  placed  in  a  roomy,  well  ventilated  box  having  a  glass  win- 
dow. Having  put  the  candle  in  position  before  the  bolometer, 
and  having  adjusted  the  camera  })roperly,  the  bolometer  screen 
was  raised,  and  simultaneous  observations  were  made  of  galvanom- 
eter deflections  and  flame  heights.  These  readings  were  cor- 
rected for  any  change  in  sensitiveness  of  the  bolometer  and  any 
drift  of  the  galvanometer  needle,  and  were  plotted,  using  flame 
heights  and  galvanometer  deflections  as  co-ordinates. 

In  the  second  method,  a  Lummer-Brodhun  photometer  was 
used.  At  one  end  of  a  photometer  bar  200  in.  long  was  placed 
a  1 10- volt  glow  lamp.  This  was  maintained  at  a  voltage  of  100 
by  means  of  a  storage  battery.  Being  run  at  a  low  etticiency, 
its  color  was  about  the  same  as  that  of  a  candle,  and  its  change 
in  candle  power  during  the  time  it  was  in  use  was  too  small  to 
be  detected. 

At  the  other  end  of  the  bar  was  the  candle,  supported  by  its 
adjusted  spring.     The  candle  was  always  placed  so  that  the  curl 
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of  the  wick  was  perpendicular  to  the  axis  of  the  bar.^  The  ar- 
rangement for  measuring  flame  heights  is  shown  in  Fig.  4,  which 
represents  a  projection  of  the  apparatus  on  a  horizontal  plane. 
B  is  the  photometer  bar,  C  the  caudle,  M  a  mirror  placed  be- 
hind the  candle  in  such  a  way  as  to  reflect  the  rays  from  it 
through  the  lens  Z,  wliich  projected  them  on  a  graduated  screen, 
S^  placed  immediately  behind  the  bar.  The  mirror  was  carried 
on  a  movable  support,  so  as  to  admit  of  an  adjustment  of  focus. 

This  arrangement  was  adopted,  since  by  its  use  one  observer 
could  do  all  the  work.  The  method  was  simply  to  make  a  rather 
quick  photometer  setting,  and  then  instantly  to  note  the  position 
of  the  top  of  the  flame  on  the  screen,  reading  the  position  of 
the  photometer  afterwards. 

The  observations  were  treated  in  the  following  manner :  The 
various  observed  values  of  flame  height  were  collected  in  such 
a  way  that  heights  of  41.0  mm.,  and  41.5  mm.,  and  42.0  mm., 


a 


Fig.  4. 

fonned  one  group ;  42.5  mm.,  43.0  mm.,  and  43.5  mm.,  another, 
etc.  The  mean  height  of  each  group  was  found,  and  also  the 
mean  bar-reading  corresponding  to  it.  The  candle  power  of  the 
standard  was  found  by  taking  the  mean  of  all  the  heights  and 
bar-readings,  and  reducing,  by  means  of  an  approximate  correc- 
tion, to  a  standard  height  flame  of  45  mm.  Using  this  value  for 
the  intensity  of  the  glow  lamp,  the  intensity  of  the  candle  cor- 
responding to  each  group  was  computed.  By  means  of  a  curve 
plotted  from  these  values,  the  percentage  variation  per  milli- 
meter of  flame  height  was  determined. 

In  order  to  find  the  relative  accuracy  of  this,  and  of  the  ordi- 

1.  For  the  variation  of  the  it)teiii»ity  of  candle  as  a  function  of  the  azimuth 
of  the  piano  of  the  wick,  see  Methven,  Loudon  0<u  World,  1889,  p.  572.; 
also  an  article  by  Sugg,  in  the  Journal  for  Oas  Lighting,  which  is  reprinted  in 
the  Scientific  American  Supplement,  No.  484,  p.  7726. 
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nary  method  of  using  candles,  the  following  observations  were 
made:  A  candle  burning  normally  was  weighed  by  the 
"  method  of  transits,"  was  transferred  to  the  spring  balance,  and 
ten  or  more   photometer  settings  made — the  flame  height  also 


TABLE  III. 


Flame 

Flame 

Flame 

height. 

Galvanometer 
deflection. 

height, 
mm. 

Galvanometer 
deflection. 

height, 
mm. 

Galvanometer 
deflection. 

48.0 

a9.o 

44.0 

36.7 

43.0 

25.8 

48.5 

29.S 

45-0 

275 

^xcV  of 
clea 

37.0 

49  5 
48.0 

30.3 

30.3 
38.3 

45-5 
43-5 

38.3 
37.0 

candle 
ned. 

47.0 

43.5 

37.0 

55.0 

37.a 

47.5 

38.8 

44.5 

37.5 

46.5 

30.6 

46.5 

37  5 

44.5 

275 

47.S 
48.0 

3«.3 

78.0 

45.0 

38.3 

33.0 

46.5 

38.3 

44*5 

37.7 

49.0 

33.7 

46.5 

38.0 

43.5 

36.5 

49.0 

33.6 

45.0 

37.0 

43.5 

27.0 

49.5 

33.8 

45-5 

37.6 

43.0 

36.5 

50.5 

33.7 

45.5 

37.8 

4a.5 

36.0 

50.0 

330 

44-5 

36.5 

43.5 

36.8 

50.0 

33.0 

43.0 

25.8 

42.5 

35.5 

50.0 

33-« 

43.0 

36.8 

43.5 

36.0 

49.0 

33.6 

43.0 

36.0 

44.0 

36.3 

47.0 

30.4 

43-5 

*!-2 

43.5 

36.0 

48.5 

30.0 

44.0 

36.8 

43-5 

26.2 

48.5 

31.0 

44.5 

37.1 

44.0 

36.7 

47.0 

3X.0 

44.5 

37.3 

44.5 

27.0 

46.5 

3>.o 

43-5 

30.4 

44.0 

36.8 

46.5 

3X.0 

TABLE  IV. 


Flame 

Flame 

Flame 

height, 
mm. 

Photometer 
bar. 

height, 
mm. 

Photometer 
bar. 

height, 
mm. 

Photometer 
bar. 

45.5 

703 

41.5 

7«3 

53.0 
48.0 

686 

46.5 

699 

43.0 

707 

700 

48.0 

700 

43.0 

708 

48.5 

695 

49.0 

693 

44.0 

706 

46.0 

704 

5«.5 

690 

44.0 

707 

45.0 

708 

53.0 

697 

45.0 

705 

44.0 

707 

44-5 

709 

44.0 

709 

44.0 

711 

46.0 

705 

44.0 

710 

46.0 

707 

49.0 

694 

43.0 

7>3 

43.0 

^ 

46.0 

699 

-♦S-o 

.      708 

46.0 

48.0 

698 

End  of 

wick 

44.5 

710 

48.0 
49.0 

693 
691 

cut 
40.0 

off. 

718 

44.0 
46.0 

711 
7" 

45.5 

700 

44.0 

708 

45.5 

708 

44.0 

707 

47.0 

698 

46.0 

713 

45.5 

699 

48.0 

696 

4a.5 

716 

48.0 

^l 

50.0 

^ 

43.0 

7«5 

46.0 

698 

54.0 

43.0 

715 

46.5 

696 

S3-0 

688 

44.0 

7x4 

45.0 

700 

51.0 

693 

45.0 

7x1 

45.0 

701 

50.0 

694 

being  noted.  The  candle  was  then  weighed  again,  and  another 
group  taken.  A  number  of  such  sets  of  observations  were  made 
on  several  days,  and  since  the  glow  lamp  was  used  as  a  refer- 
ence standard,  these  sets  are  comparable  with  each  other. 
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The  mean  value  of  the  candle  power  of  the  glow  lamp  given 
by  each  of  these  sets  of  observations  was  corrected  for  rate  in 
the  ordinary  way,  and  also  corrected  by  redncing  from  the  mean 


Pio.  B. 

flame  height  to  the  standard  height  of  45  mm.,  using  the  mean 
value  of  the  relation  between  intensity  and  flame  height  as  de- 
termined from  all  the  observations,  both  bolometric  and  photo- 
metric. The  deviation  of  each  vahie  obtuned  for  the  candle 
power  of  the  glow  lamp  from  the  mean  value  obtained  from  all 
the  observations  was  computed,  and  tliis  deviation  was  reduced 
to  percentages.  A  comparison  of  the  percentage  deviations  given 
by  tlie  two  methods  shows  their  relative  accuracy,  while  the 
absolute  values  of  the  percentiles  show  the  error  which  one 
is  lial)le  to  make  in  using  candles  in  cither  of  the  two  ways. 
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Table  III.  gives  a  characteristic  set  of  data  obtained  by  the  use 
of  the  bolometer,  1894,  March  21.  Talde  IV.  is  a  similar  set  of 
photometric  data  obtained   1895,  November    6.     The  data  of 
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Table  III.  and  Table  IV.  are  shown  reduced  and  plotted  in  Fig. 
5  and  Fig.  6  respectively.  Table  V.  gives  values  found  for  the 
variation  in  intensity  of  candles  expressed  in  percentages  per  milli- 


TABLE  V. 


Bolometric. 

Per 
cent. 

a.a 

«.7 
a.a 

a.5 
3.3 

3.« 
3.7 

3.7 

Photometric. 

Per 
cent. 

Photometric. 

Per 
cent. 

1894.  Nov.  39   .    .    . 
Dec.    5    .    . 

1895.  Feb.  33,         I 

III 

March  az,        I 

II 

Oct.   A  .      .      . 

w 

1895.  July  37  .  .  . 
Oct.  30  .  .  . 
Nov.    I           I. 

II. 
Nov.   6           I. 

II. 

Nov.  37                 I. 

11. 

Dec.  3  A.M.,  A  ) 
B  ) 
Dec.  2  P.M.,  C 

^  r 

DM 

3.3 

3-4 

3.3 

3-3 
a.a 

«-7 
3.7 

a.9 
a.7 

3.8 

1895.    Dec.  3           E^l 

G 

H 

Dec.  4             I 

R 
L 
M 

Nj 

a.3 
a.6 

N^VV.      ^    .           .           .1. 

Mean    .    .    . 

Weight  mean  of  all 

a.7 

TABLE  VI. 


Name  of 

group  of 

observations. 

Rate. 

Flame 
height. 

C.  P.  of 

glow  lamp 

uncorrected. 

C.  P.  cor- 
rected for 
rate. 

C.  p.  cor- 
rected for 
flame  height 

Deviation 

from  mean 

corrected 

for  rate. 

Deviation 

from  mean 

corrected 

for  height. 

Percentage 

deviation. 

Rate. 

Percentage 

deviation. 

Height. 

0/0 

0/0     1 

A 

7.601 

43.0 

6.11 

5-99 

5.78 

--0.35 
-  -  0.56 

-  0.04 

--  6.0 
--  9.8 

-0.7 

B 

8.330 

45.>5 

5.785 

6.ao 

5.80 

-  0.06 

- 

-  1.0 

C 

6.981 

44.95 
46.1 

6.01 

5.4« 

6.00 

—  0.33 

-  0.36 

T  ^-^s 

- 

'1^ 

D 

8.100 

6.09 

6.35 

6.35 

+  0.71 

-0.51 

-fia.6 

- 

-8.7 

E 

7.^57 

46.4 

5.5a 

5.09 

5.73 

J  0.55 

—  0.0 1 

-9.8 

—  o.a 

F 

7.863 
8.030 

^'l 

5.67 

5.74 

5.6a 

-  O.IO 

—  o.ia 

-  1.6 

—  a.  I 

G 

44.8 

'S 

5-9» 

5-5! 

-  0.37 

—  0.05 

-4.8 

—  0.9 

H 

7.330 

44.05 

5-47 

5.66 

-0.17 

—  0.08 

:i:5 

— '4 

I 

8.433 

44.3 

5.6s 

6.13 

5.54 

ho.49 

—  0.20 

—  3-5 

\i 

7.371 

47. « 

5.35 

5.03 

5.65 

—  0.6a 

—  0.09 

—11.0 

—  1.6 

7.367 

46.15 

5.50 

5.33 

5.67 

—  0.43 

—  0.07 

-7.6 

—  1.3 

L 

7.440 

45.6 

5.64 

5.41 

5.73 

—  0.33 

—  o.ox 

—  4.a5 

—  O.a 

M 

7.137 

4«.3 

6.00 

552 

5.56 

—  o.ia 

—  0.18 

—  3.3 

—  3.a 

N 

7.301 

44.« 

5.79 

5.45 

5.67 

—  0.19 

—  0.07 

—  3-5 

—  i.a 

Means,    disre- 

garding signs.... 

7.594 

44.9 

5.76 

5.64 

5-74 

0.36 

0.135 

6.35 

a.i6 

Nov.    6,        I. 

45.5 

5.60 

5.68 

—  0.09 

—  1.6 

II. 

45.3 

5.79 

6.00 

4  0.33 
—  0.08 

+  4-0 

Nov.  iz 

43.1 

6.17 

5.85 

—  «.4 

Nov.  la,       I. 

44- > 

5.87 

5.73 
5.8s 

—  0.04 

0.7 

11. 

439 

6.30 

—  0.08 

T  '•-♦ 

Dec.    a,      D' 

49-3 

5.36 

5.99 

-f-  o.aa 

+  3.8 

Means  of  all. 

disregarding 
signs 

45.0 

5.78 

5.77 

Last  six 
only. 

0.123 

3.14 

1 

1 

1 

meter.  Table  IV.  shows,  in  the  way  described  above,  the  com- 
parative accuracy  of  the  two  methods  of  reducing  candle  ob- 
servations.    Fig.  7  shows  plots  obtained  from  groups  of  observa- 
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tiona  designated  by  A,  B,  C,    .     .    .    N.    Fig.  8  shows  plots 
from  three  SDCcessive  sets  of  bolometric  observations. 

An  inspection  of  the  tables  and  curves  will  show  that  while 
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the  relation  between  flame  height  and  intensity  is  a  fairly  definite 
one  for  any  given  group  of  observations,  there  is  a  considerable 
range  of  variation  in  the  values  for  it  as  obtained  from  different 
groups.  Moreover,  the  relation  sometimes  changes  during  one 
bumiug  of  the  candle.  Fig.  8  illustrates^this  peculiarity  in,  that 
there  is  a  group  of  points  marked  |2II  which  lie  considerably 
below  the  line  plotted  to  represent  all  the  observations;  and  that 
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the  slope  of  the  flame  height-intensity  curve  plotted  from  the 
points  marked  |^|  is  materially  different  from  tiiat  obtained 
from  other  groups  of  points.    This  may  be  due  to  a  change  in 
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the  shape  of  the  wick.  The  fact  that  this  relation  is  not  abso- 
lutely constant  does  not  vitiate  the  proposed  method  of  treating 
candle  observations ;  for  since  the  deviations  of  flame  height  from 
45  mm.  is  seldom  more  than  10  per  cent,  if  our  assumed  value 
for  this  relation  is  in  error  by  as  much  as  20  per  cent,  our  re- 
duced value  for  candle  power  would  be  in  error  by  no  more  than 
two  per  cent. 

Table  VI.  shows  that  the  mean  deviation  from  the  mean  of 
observations  corrected  in  this  way  is  a  little  over  two  per  cent., 
and  that  14  out  of  20  values  were  in  error  by  2.1  per  cent,  or 
less.  In  the  case  of  corrections  for  rate,  the  mean  deviation  is 
over  six  per  cent.  whiliB  but  one  out  of  14  values  deviated  by  less 
than  two  per  cent,  and  only  four  by  less  than  four  per  cent. 

In  other  words,  by  correcting  for  flame  height  an  error  of  less 
than  two  per  cent,  may  reasonably  be  expected,  and  the  prol)- 
ability  of  making  an  error  greater  than  four  per  cent,  is  small ; 
while  in  correcting  for  rate,  errors  of  ^ight  per  cent,  and  nine 
per  cent,  are  of  common  occurrence. 

The  values  corrected  for  rate  might,  perhaps,  be  more  consist- 
ent if  the  rule  were  followed  to  reject  all  observations  in  which 
the  rate  fell  below  114  or  above  120  grains  per  hour.  Similarly, 
the  errors  in  the  values  corrected  for  flame  height  might  be 
smaller  if  observations  made  at  extreme  flame  heights  were  to  be 
rejected.  Indeed,  it  is  one  of  the  chief  advantages  of  the 
method,  that  the  observed  flame  height  furnishes  a  criterion  for 
the  rejection  of  any  observation  which  is  regarded  as  doubtful. 
In  this  discussion,  however,  in  order  to  be  equally  fair  to  both 
methods,  no  observations  have  been  rejected. 

The  results  of  these  photometer  observations  confirm  fully 
those  obtained  by  the  use  of  the  bolometer  in  determining  the 
variations  of  light  standards,  and  show  very  conclusively  that  the 
fundamental  assumptions  on  which  the  bolometric  tests  were 
based,  were  entirely  justifiable.  If  we  compute  from  Table  VI. 
tlie  mean  vahie  of  the  flame  height-intensity  ratio,  as  detennined 
by  the  bolometer,  we  find  that  it  is  just  the  same  as  the  mean 
value  from  all  the  observations. 

In  section  III.  of  this  report  it  was  shown  that  the  English 
candle  is  subject  to  sudden  variations  in  intensity  which  are  some- 
times as  large  as  15  per  cent.  Many  of  these  sudden  drops  were 
noticed  while  making  the  photometer  observations,  and  they  all 
had  the  same  characteristics  as  are  shown  by  the  bolometer 
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carves.  Fig.  9  sIiowB  a  group  of  these  observationa— group  F  in 
tlie  tables.  Asenming  that  the  time  intervals  betweon  the  varions 
photometer  settings  were  equal,  points  were  plotted  showing  the 
relation  between  intensity  of  the  candle  and  time,  and  between 
flame  height  and  time.  It  will !«  seen  at  once  that  the  two  curves 
are  of  very  similar  characters.  The  dame  height  gradnally  in- 
creased, and  with  it  the  intensity,  until,  when  the  height  of  48 
nun.  had  been  reached,  there  was  a  sudden  drop,  the  change  in 
intenBity  amounting  to  12  per  cent. 

These  curves  evidently  show  in  an  imperfect  way  variations 
precisely  similar  to  those  which  are  so  faithfully  reproduced  by 
the  galvanometer  needle.  In  view  of  these  qualitative  and  quanti- 
tative results,  it  would  seem  to  be  impoasible  to  doubt  the  relia- 
bility of  the  bolometer  as  an  instrument  for  making  such  tests. 
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Thb  Geshan  Standard  Candle  (Vzbeinskebze). 

The  Bpecifications  for  the  mannfactnre  of  this  candle,  adopted 
upon  the  recommendation  of  a  committee  of  the  German  Asso- 
ciation of  Gas  Manufacturers,  are  very  careful  and  complete. 
The  candle  is  made  only  under  the  immediate  eupervision  of  the 
association  and  is  sold  by  them.  The  directiona  for  its  use  are 
most  minnte.  The  photometric  measurements  are  to  be  made 
only  when  the  flame  lias  reached  its  normal  height,  of  50  mm., 
the  rate  of  consumption  of  paraflin  being  disregarded.  The 
candle  is  made  of  the  purest  paraftin,  has  a  uniform  diameter  of 
20  mm.  the  namber  of  strands  of  wick,  also,  being  carefully 
specifled.  In  the  earliest  recommendations  for  the  use  of  tliis 
candle  it  was  directed  that  the  candle  be  allowed  to  burn  freely, 
and  when  the  flame  height  had  reached  50  mm.  then  the  photo- 
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metric  settings  were  to  be  made.  In  later  years,  however,  the 
recommendation  was  made  that  the  wick  of  the  candle  be  cleaned 
or  snnSed  in  order  to  insure  the  reaching  of  the  standard  flame 
height  more  quickly.  The  use  of  this  candle  as  an  official  stand- 
ard has  been  abandoned  even  in  Germany  in  favor  of  the  Hefner 
lamp,  and,  consequently,  it  is  not  necessary  to  deal  very  exten- 
sively with  tests  wliich  have  been  made  of  it. 

Lummer  and  Brodhun^  in  determining  the  intensity  of  the 
Hefner  light  in  terms  of  the  German  candle,  using  glow  lamps 
as  intermediate  standards,  investigated  the  performance  of  the 
candle  with  a  good  deal  of  care.  Measuring  the  height  of  the 
flame  by  means  of  a  cathotometer,  they  experienced  difficulty  in 
seeing  the  exact  point  of  termination  of  the  base  of  the  flame, 
and  also  from  the  fact  that  the  top  would  split  up  into  three 

TABLE  Vn. 


Flame  heights 
m  millimeters. 

Intensity. 

I. 

H. 

III. 

44 
45 
47 
48 

49 
50 

0.398 

.405 
.410 

.4«9 
.436 

.434 

.389 

.398 
.405 

.410 

0.380 

•390 
.396 
.398 

points,  and  when  the  height  was  near  the  normal  height,  the 
flame  would  smoke.  Their  measurements  show  that  the  ratio 
between  flame  height  and  intensity  with  this  candle  is  not  a  fixed 
one. 

At  one  time  tlie  height  remained  at  50  mm.  for  some  minutes, 
and  the  following  settings  were  made :  0.412,  0.420,  0.420,  0.424, 
0.430.  During  this  time  the  edges  of  the  crater  melted  oflf  to 
some  degree. 

Bolometer  tests^  of  this  standard  were  made  by  members  of  the 
present  committee.  They  do  not,  however,  show  its  behavior 
when  used  under  normal  conditions.  They  indicate  a  more  uni- 
form performance,  except  for  continual  small  variations  than  is 

1.  Lumtner  and  Brodhun:  ZeiUchr,far  IrutrumerUenkunde,  vol.,  10,  p.  119. 

2.  Sharp  and  Trumbull,  Phyi,  Rev.,  vol.  ii,  p.  1. 
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seen  in  tlie  ease  of  the  British  candle,  and  show  clearly  the  greater 
care  which  is  used  to  secure  uniformity  of  wick,  etc. 

The  data  from  which  the  curves  in  Fig.  10  are  obtained  are 
analogous  to  those  presented  in  tables  I  and  II.  It  will  not  be 
necessary  to  give  them  here.  The  following  general  statements 
concerning  the  results  embodied  in  Fig.  10  may,  however,  be 
deemed  of  interest. 

Curves  V.  and  V.  {a)  and  VI.  and  VI.  {a)  were  obtained  from 
candles  bunied  in  exactly  the  same  way  as  III.  and  III.  {a)  and 
IV.  and  IV.  (a),  the  time  interval  between  V.  and  V.  (a)  being 
one  hour,  and  that  between  VI.  and  VI.  (a)  being  41  minutes. 
Curve  V.  (J)  was  taken  with  the  remainder  of  the  candle  used 
for  v.,  relighted  on  another  night ;  so  that  it  is  entirely  inde- 
pendent of  V.  and  V.  {a)  excepting  that  the  same  candle  was 
used. 

When  we  come  to  compare  the  English  with  the  German 
candle,  we  notice,  first,  that  the  variations  of  the  English  candle 
were  much  larger  and  that  large  variations  were  much  more  fre- 
quent. The  German  curves  are  free  from  the  semi-periodic  drops 
which  characterize  the  English.  Curve  I.  at  24  minutes  reaches' 
a  vahie  which  is  1.255  of  the  mean  ordinate  of  the  English  candle 
curves.  Curve  IV.  at  49  minutes  drops  to  a  point  which  is  only 
0.77  of  the  mean  ordinate.  The  total  variation  is,  consequently, 
46.5  per  cent.  Both  of  these  curves  were  taken  with  the  same 
candle,  but  on  different  nights.  The  highest  point  of  the  Ger- 
man curves  is  on  V  (a)  at  86  minutes.  The  ordinate  reaches  a 
value  which  is  1.155  of  the  mean.  The  lowest  point  is  on  VI.  {a) 
at  72  minutes,  and  is  0.915  of  the  mean.  The  total  variation  was 
consequently  24  per  cent.,  or  only  about  half  that  shown  by  the 
English  candle. 

Moreover,  we  see  from  the  table  that  the  percentage  deviation 
of  curve  III.,  55-60  minutes,  from  the  mean  of  the  English 
candles  is  +  10.45  per  cent.  Curve  IV.,  35-40  minutes,  shows 
a  deviation  of — 13.08  |)er  cent.  The  total  deviation  for  a  period 
of  five  minutes  is  23.53  per  cent  for  the  Englisli  candles.  In  the 
German  candles  the  maximum  positive  and  negative  deviations 
for  five-minute  periods  are  +  11.52  j)er  cent  and  —  10.43  per 
cent,  respectively.  These  give  a  total  of  21.95  per  cent,  and  ex- 
liibit  a  performance  but  little  better  than  that  shown  by  the  Eng- 
(  lisli  candle. 
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VI. 

The  Mothven  Sobeen. 

Dibdin's  results  of  tests  of  this  standard  are  oven  less  signifi- 
cant of  what  the  standard  will  do  from  day  to  day  under  vary- 
ing conditions,  than  are  his  tests  of  candles,  because  here  he  com- 
pared two  gas  flames  with  each  other,  and  they  must  have 
been  similarly  affected  by  varying  atmospheric  conditions.  He 
found  in  his  observations,  which  are  given  in  his  report  of  1S85, 
for  determinations  made  by  one  operator,  a  maximum  fluctua- 
tion of  5  per  cent.,  frequent  fluctuations  of  from  2  per  cent,  to 
3  per  cent.,  while  37  per  cent,  of  the  measurements  were  within 
1  per  cent,  of  the  mean  of  all.  From  observations  by  three 
different  operators,  the  maximum  was  found  to  be  6.7 ;  many  of 
the  fluctuations  were  of  from  3  per  cent,  to  6  per  cent.,  while 
12.5  per  cent,  of  the  observations  were  within  1  per  cent,  of  the 
mean.  Using  the  carburetted  gas,  a  result  perhaps  slightly  better 
than  the  above  was  obtained,  but  with  gas  of  varying  purity  he 
found  large  errors  entering  when  the  gas  was  bad.  For  example,  a 
flame  giving  18.50  candle  power  when  compared  with  the  Methven 
burning  1 6-candle  gas,  gave  when  10-candle  gas  was  used  in  the 
Methven  31.30  candle  power,  indicated  in  one  test,  and  22  candle 
power  indicated  in  another.  This  shows  clearly  that  the  varia- 
tion of  candle  power  with  the  Methven  is  not  a  definite  function 
of  the  richness  of  the  gas,  especially  if  the  gas  is  poor.  Dibdin's 
observations  in  this  respect  have  been  confirmed  by  the  work  of 
Rawson.*  'His  conclusion  is  in  contradiction  to  that  of  Ileisch  and 
Hartley,  who  found  no  variation  whatever  when  the  standard 
was  supplied  with  gas  running  from  18.65  candle  to  22.4  candle. 
Dibdin  says:  "These  results  ....  must  seriously  mili- 
tate against  the  adoption  of  tlie  plain  gas  Methven  slit  standard, 
however  useful  it  may  be  as  a  handy  instrument  in  ordinary 
works.  The  arrangement  for  carburet  ting  is,  on  the  other  hand, 
a  very  different  thing  and  capable  of  very  reliable  work."  In 
his  other  report,  he  says,  "  Observations  with  different  operators 
cannot  be  considered  as  very  satisfactory,  for  generally  more  ex- 
perience with  the  carburetted  gas  is  required  than  would  appear 
necessary."  In  this  second  report,  he  found  for  the  deviations, 
using  carburetted  gas,  a  maximum  value  of  5  per  cent.,  while 
74  per  cent,  of  the  observations  were  within  1  per  cent,  of  the 

1.  Rawson:  Electr..  17.  p.  479,  1886. 
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mean.  He  found  also  that  bad  results  were  obtained  if  the 
burner  and  chimney  had  not  liad  time  to  become  thoroughly 
warm  before  use.  By  using  several  chimneys  of  varying  thick- 
nesses, he  found  no  serious  error  resulting  from  this  cause. 

Rawson*  found  in  investigating  this  standard,  that  it  was  diffi- 
cult to  determine  just  when  the  flame  height  was  three  inches,  on 
account  of  the  flickering  of  the  flame.  He  found  also  changes 
in  the  rate  of  flow  of  gas  when  the  eye  could  hardly  detect  any 
change  in  flame  height.  His  observations  show  that  the  light 
emitted  varies  rapidly  with  changes  in  the  quality  of  the  gas 
when  the  gas  is  bad  to  start  with.  This  is  confirmed  also  by  the 
work  of  the  Dutch  Commissioners,  who  found  for  the  candle 
power  of  the  Methven  standard,  using  15-candle  gas,  2.05  candle 
power,  while  for  18-candle  gas  the  candle  power  was  2.23. 

Methven^  has  discussed  the  effects  of  changes  in  temperature 
and  pressure,  on  this  standard.     The  effect  of  increased  pressure 
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Fig.  11. — Methven  Screon. 

and  temperature  is  not  to  increase  the  size  of  the  flame  on  ac- 
count of  more  rapid  flow  of  gas,  but  in  burning  denser  gas  in  a 
denser  atmosphere  the  size  is  diminished.  With  lower  pressure 
and  higher  temperature  the  density  of  the  flame  is  less,  and  the 
draught  of  the  chimney  is  less.  I^ss  oxygen  flows,  and  the  flame 
takes  on  a  brownish  color.  If  the  specific  gravity  of  the  gas  is 
low,  the  intensity  is  much  increased ;  if  high,  the  increase  is  less 
marked.  The  draught  is  determined  by  the  difference  l)etween 
the  temperature  of  the  room  and  of  the  flame,  and  hence  for 
equal  quantities  of  gas,  and  varying  room  temperatures  the  in- 
tensity will  be  different.  A  given  gas  gave  15.93  o.  p.  at  3°,  9 
C ;  and  16.90  c.  p.  at  22°,  2.  This  accords  with  the  results  of 
M.  Bremond,  who  found  for  a  given  gas  at  different  elevations 


1.  Rawson,  loc.  cit. 

3.  Methven  :  Dingler'i  PolytechnUhe»  Journal,  vol.  277,  p.  276.  1890. 
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above  the  sea-level  a  decrease  in  intensity  of  0.742  per  cent,  per 
100  feet  increase  in  elevation.  Moreover,  the  intensity  is  10  per 
cent,  less  when  the  flame  burns  in  moist  air  than  when  the  air  is 
dry.  Coal-gas  burning  in  a  Harcourt  burner  shows  under  similar 
circumstances  a  diminution  of  13  per  cent. 

Fig.  11  and  12  exhibit  specimens  of  the  bolometric  curves  ob- 
tained by  your  committee  in  the  case  of  the  Methven  screen. 
Curve  XVIII.  was  taken  with  the  Argand  burner  connected 
directly  to  the  gas-pipes  in  the  building.  The  pressure  of  the  gas 
was  controlled  only  by  a  large  regulator  on  tlie  main  pipe  lead- 
ing into  the  building.  The  consumption  of  gas  in  the  building 
was  constant  during  the  run.  The  curve  shows  many  large,  but 
(^uick  variations  and  certain  decided  waves.  The  other  Methven 
curve  was  taken  with  a  gas-holder  of  about  10  gallons'  capacity 
interposed  between  the  gas  main  and  the  Argand  burner.  The 
effect  of  this  in  smoothing  the  curves  is  very  marked,  and  indicates 
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that  for  photometric  purposes  the  Methven  screen  is  much  im 
proved  by  the  interposition  of  a  rather  capacious  reservoir.     The 
use  of  such  a  reservoir  tends  to  minimize  the  effect  of  changes 
of  pressure  and  to  absorb  any  waves  in  the  gas  due  to  water  in  the 
pipes  or  some  similar  cause. 

The  way  in  which  these  waves  of  variable  pressure  produce 
fluctuations  in  the  amount  of  radiation,  is  by  causing  changes  in 
the  quality  of  those  portions  of  the  flame  which  cover  the  slit. 
At  times  the  top  of  the  flame  becomes  forked,  so  that  not  all  of 
the  slit  is  covered  by  it.  It  happens  perhaps  more  frequently 
,  that  some  of  the  non-luminous  portion  of  the  flame  rises  so  as 
partially  to  cover  the  slit.  In  either  case  the  result  is  seen  in  a 
deviation  of  the  curve.  It  must  be  true,  also,  that  the  amount  of 
luminous  radiation  suffers  a  nmch  larger  proportional  change 
than  the  total  amount  of  radiation ;  hence  the  deviations  recorded 
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on  the  curves  are  too  small  to  represent  correctly  the  fluctuations 
in  luminous  intensity.  There  is  an  additional  reason  for  these 
fluctuations,  which  is  to  be  found  in  the  slight  protection  against 
draughts  of  air  which  the  wide  open  chimney  used  on  the  Lon- 
don Argand  burner  affords.  In  this  respect  its  action  is  in 
marked  contrast  with  that  of  the  smaller  close  chimney  of  the 
Carcel  lamp,  which,  of  course,  can  be  used  only  with  much  richer 
gases  than  ordinary  illuminating  gas. 

VII. 
A.  Vernon  Har(X)URt's  Pentank  Standard. 

This  standard  *  consists  of  a  gas  flame  produced  in  burning  a 
mixture  of  20  volumes  air  with  7  volumes  of  pentane  vapor.  The 
flame  is  2^^  in.  height,  the  orifice  through  which  the  gas  passes 
being  Y  ^^^  diameter.  The  rate  of  consumption  of  the  gas  is  \  cu. 
ft.  per  hour.  The  standard  temperature  for  making  the  mix- 
ture is  ()U°  F.,  and  the  standard  pressure  is  30  in.  of  mercury. 
The  pentane  used  is  the  most  volatile  portion  of  American  pe- 
troleum, and  is  obtained  by  repeated  distillation  of  gasoline, 
which  has  been  purified  by  treating  with  sulphuric  acid,  and 
afterwards  with  a  solution  of  sodium  hydroxide.  The  distillation 
is  carried  on  until  the  whole  passes  over  at  120^  F.  The  prod- 
uct is  nearly  pure  pentane,  C5  II 13.  It  is  mixed,  however,  with 
a  small  portion  of  hexane,  which,  it  is  claimed,  w^ill  not  affect 
the  illuminating  power  of  the  gas,  since  it  is  so  similar  in  chemi- 
cal composition  to  pentane.  The  pentane  evapomtes  more 
quickly  than  ether,  and  is  nearly  insoluble  in  water.  Its  specific 
gmvity  at  (>0°  F.  is  between  0.628  and  0.631 ;  its  vapor  is  2.5 
times  as  heavy  as  air.  The  flame  produced  is  said  to  be  steady 
when  the  gas  is  rich  and  the  flame  not  too  large,  while  an  addi- 
tional advantage  consists  in  the  fact  that  the  rate  of  consumption 
of  gas  at  a  given  flame  height  furnishes  a  check  upon  the  purity 
of  the  gas. 

Dibdin,  in  his  tests  made  in  1885,  used  an  apparatus  set  up  by 
Ilarcourt  himself.  He  found  that  when  the  air  gas  was  made 
over  fresh  water  in  the  gas  holder,  his  results  did  not  agree  ex- 
actly with  those  obtained  when  the  water  had  been  previously 
used  for  the  same  purpose.     The  size  of  the  holder,  and  the  exact 


1.  A.  Vernon  Harcourt,  Report  of  the  |)ro(!eo(liu»^s  of  the  Hritish  Association, 
1877.    Chemical  New,  86,  108.    Electrician,  11,  188. 
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purity  of  the  gas  Beemed  to  have  no  effect  upon  the  candle  power 
given.  From  his  measurements,  the  maximum  fluctuations  were 
found  to  be  1.9  per  cent.,  while  90  per  cent,  of  the  measure 
ments  lay  within  1  per  cent,  of  the  mean.  Five  diflFerent  op- 
erators, using  the  same  burner,  made  measurements  which  were 
not  so  concordant.  Their  maximum  deviation  was  3.5  per  cent., 
while  only  44  per  cent,  fell  within  1  per  cent,  of  the  mean. 
Dibdin  found  the  steadiness  of  the  flame  to  be  affected  but  little 
by  disturbances  in  the  room,  etc.  This  is  quite  opposed  to  the 
results  of  Heisch  and  Hartley,  who  had  found  that  small  dis- 
turbances in  the  neighborhood  caused  very  considerable  and  very 
troublesome  fluctuations  in  the  size  of  the  flame. 

Dibdin's  report  of  1888  shows  the  maximum  variation  to  have 
been  over  5  per  cent.,  and  80  per  cent,  within  1  per  cent,  of  the 
mean.  He  says :  "  The  facts  brought  out  by  the  inquiry  have 
shown  that  the  method  of  preparing  the  air-gas  is  at  ouce  easy  and 
safe ;  that  the  measurement  of  the  volume  of  gas  used  is  simple 
and  reliable  ;  that  the  adjustmeut  of  the  flame  height  is  a  matter 
of  certainty ;  its  steadiness  all  that  could  be  desired  when  due 
care  is  taken  and  proper  apparatus  employed ;  and  that  the  qual- 
ity of  the  light  afforded  is  precisely  the  same  as  that  of  the 
standard  comparison  flame.'' 

The  committee  of  the  British  Association,  in  1888,  reported  that 
the  pentane  standard  was  reliable  and  convenient,  and  fulfilled  all 
the  conditions  required  of  a  standard  of  light.  They  found  that 
the  light  was  not  altered  by  using  pentane  of  specific  gravity  of 
0.628  or  0.632  instead  of  the  normal  specific  gravity  0.630.  Out 
of  117  tests  which  they  made,  only  one  showed  a  variation  of  one 
per  cent.,  and  there  were  no  larger  variations  than  that. 

VIII. 
The  Pentane  Lamp. 

(Woodhouso  and  Rhwsoii  pattern.) 

In  the  pentane  lamp  we  have  a  flame  of  pentane  vapor  set  free 
from  a  wick,  and  burning  inside  a  metal  chimney  cut  away  in  the 
middle.  The  height  of  the  flame  is  adjusted  by  noticing  when 
the  point  of  it  plays  inside  the  limits  of  a  vertical  slit  in  the  up- 
per part  of  the  chimney.  The  distance  between  the  upper  and 
lower  parts  of  the  chinmey  determines  the  intensity  of  the  light. 
It  can  be  adjusted  to  give  one  candle  or  one-and-a-half  candles. 
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Dibdin,in  his  report  in  1888,  states  it  to  be  remarkably  steady. 
The  maximum  fluctuation  which  he  foimd  was  2.5  per  cent,  while 
97  per  cent,  of  the  tests  fell  within  1  per  cent,  of  the  mean. 

The  committee  of  the  British  Association  in  1888  reported  that 
out  of  118  tests  but  two  showed  flucftuations  of  1  per  cent.,  which 
was  a  maximum. 

Rawsou^  compared  the  pentane  lamp  with  the  glow  lamp  on  a 
photometer  bar.  He  found  for  the  pentane  lamp  absolute  steadi- 
ness for  periods  of  from  15  to  75  minutes.  Variations  were  due 
to  two  causes : 

(1)  The  changes  of  temperature  in  the  air  of  the  room,  which 
can  be  minimized  by  immersing  the  lamp- font  up  to  the  stopper 
in  water. 

(2)  The  escape  of  pentane  vapor  through  the  stopper.  This 
may  be  prevented  by  placing  a  drop  of  glycerine  on  the  stopper. 

Mr.  C.  H.  Clifford  of  the  Massachusetts  Institute  of  Technol- 
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Fig.  13. — Harcourt  Pentane  Lamp. 


ology^  compared  two  pentane  lamps  with  each  other  and  found  a 
maximum  deviation  of  1.57  per  cent.,  while  five  out  of  18  obser- 
vations varied  by  more  than  1  per  cent,  from  the  mean.  He  says : 
"The  Harcourt  pentane  lamp  as  a  legal  standard  would  seem  to  be 
a  satisfactory  one  as  far  as  mere  intensity  and  constancy  of  illumi- 
nation are  concerned,  although  the  uncertain  quality  of  pentane 
and  the  care  required  in  using  the  lamp  arc  undoubtedly  objec- 
tionable." 

But  a  single  reliable  curve  Fig.  18  has  been  obtained  by  the 
bolometer  for  this  standard.  The  great  steadiness  of  the  flame 
due  to  the  chimney  employed  is  manifest  at  once.  This  form  of 
chinmey  evidently  is  quite  as  elBcient  in  this  respect  as  is  the 
Carcel  lamp  chimney  and  it  is  not  subject  to  the  disadvantages 
of  the  latter  form. 


1.  Elee.  World,  London,  vol.  xii..  p.  251. 

2.  Tech.  Quarterly,  1890. 
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The  lamp  was  adjusted  to  give  1  c.  p.  and  had  been  burning 
li  hours  before  the  curve  was  begun.  During  the  first  nine 
minutes  of  the  curve  the  height  of  the  flame  changed,  remaining, 
however,  always  within  the  limits  of  the  vertical  slit.  The  in- 
tensity changed  during  these  nine  minutes  by  6.7  per  cent,  of 
itself.  The  flame  was  then  readjusted.  During  the  next  nine- 
and-a-half  minutes  a  similar  change  took  place,  the  total  variation 
being  2.9  per  cent.  After  a  second  readjustment  the  flame  settled 
down  to  a  fairly  stable  condition.  The  flame  height  was  a  trifle 
low  at  the  end  of  the  curve,  at  which  time  the  intensity  had  fallen 
to  a  mininmm  value  of  1.4  per  cent,  below  the  mean.  At  the 
end  of  the  second  ten  minutes  the  intensity  was  1.4  per  cent 
above  the  mean.  Omitting  the  values  at  the  beginning  of  the 
curve,  which  may  perhaps  not  be  quite  so  reliable  as  the  rest,  the 
total  variation  is  seen  to  be  2.8  per  cent.  The  changes  produced  . 
in  the  two  readjustments  were  3.2  per  cent,  and  1.4  per  cent. 
resi)ectively.  Of  course,  from  this  single  curve  nothing  can  bo 
said  concerning  the  reproductibility  of  the  standard.  The  bolo- 
meter shows  the  intensity  of  this  lamp  to  be  less  than  1  c.  p.,  and 
photometric  measurements  have  confirmed  this  result. 

Weighty  objections  to  this  lamp  as  a  standard  are  the  unsta- 
bility  of  the  flame  under  certain  conditions,  and  the  lack  of  a 
well-defined  mark  at  which  the  flame  height  can  be  adjusted.  It 
is  to  these  faults  that  the  variations  during  the  first  twenty 
minutes  of  the  curve  are  due. 

LiebenthaP  investigated  the  relation  between  the  height  of  the 
flame  and  intensity  of  the  light,  finding  the  following  values :  For 
the  flame  point  at  the  bottom  of  the  slit  the  intensity  was  97.0 ; 
for  the  flame  point  one-third  of  the  way  up  the  slit,  99.5 ;  one- 
half  of  the  way,  100 ;  two-thirds  of  the  way,  99.5 ;  at  the  top, 
97.5. 

Accordingly  Jie  adjusted  it  at  the  middle  of  the  slit,  taking 
that  flame  height  as  corresponding  to  normal  intensity.  He  says : 
"  Still  greater  variations  of  flame  height  produce  changes  which 
are  not  negligible,  even  for  technical  purposes.  The  intensity 
is  about  eight  per  cent,  less  than  normal  when  the  point  of  the 
flame  projects  by  a  small  amount  (about  seven  mm.)  over  the  top 
of  the  slit,  and  a  further  decrease  of  at  least  seven  per  cent,  is 
found  when  the  flame  becomes  still  larger.  More  than  this,  on 
account  of  the  heating  of  the  parts  of  the  lamp,  until  a  certain 

1.  Liebeathal,  EUktrotechnUche  Zeit9chnft,  vol.  xvi.,  p.  655, 
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thermal  equilibrium  is  reached,  which  is  about  30  min.  after 
lighting,  two  things  occur : — 

(1).  The  flame  increases  continually  so  that  the  wick  must  be 
steadily  lowered. 

(2).  The  intensity  increases  and  finally  goes  over  into  a  con- 
stant value  which  is  several  per  cent,  larger  than  the  original 
value.  Only  when  such  a  stationary  condition  has  been  reached, 
and  the  flame  height  changes  but  gradually,  can  one  leave  the 
lamp  unwatched  for  a  little  while  without  fearing  that  it  may  be- 
come overheated." 

By  making  many  photometric  measurements,  extending  over  a 
long  time,  using  a  glow-lamp  as  a  secondary  standard,  and  by  de- 
termining each  day  the  hygrometric  state  of  the  air,  by  means  of 
an  Assmann's  hygrometer,  Liebenthal  investigated  the  effect 
upon  the  intensity  of  the  light  which  the  moisture  in  the  air  ex- 
erted. From  75  observations  of  this  sort  the  intensity  of  the 
Harcourt  lamp  in  terms  of  the  Hefner  light  as  unit  can  be  ex- 
pressed by  the  following  equation  : 

y  =  1.232  —  0.0068  a?, 

or  y  =  1.232  (1  —  0.0055  x\ 

where  y  represents  the  intensity,  x  the  watery  vapor  in  liters  to 
each  cubic  metre  of  dry  air,  free  from  carbon  dioxide.  Tliis 
fonnula  holds  good  between  the  limits  of  observation  which  were 
from  4  to  18  liters, and  gives  us  a  variation  of  about  0.6  percent, 
per  liter  of  moisture.  The  mean  deviation  of  observed  intensities 
from  those  computed  from  the  equation  was  found  to  be  0.81 
per  cent.,  and  the  maximum  deviation  was  1.6  per  cent. 

By  making  observations  under  varying  pressure  in  a  physician's 
pneumatic  cabinet,  the  following  relation  between  intensity  and 
barometric  height  was  obtained. 

A  y  =  0.00049  {h  —  760), 

where  h  represents  the  barometric  height  in  millimetres. 

Ilence,  to  a  change  in  barometric  hight  of  40  mm.  corresponds 
a  change  in  intensity  of  two  per  cent. 

The  Dutch  Light  Standard  Commission  found  the  Woodhouse 
and  Rawson  pattern  of  the  Harcourt  lamp  to  be  the  most  promis- 
ing form  of  light  standard.  They  objected  to  the  use  of  pentane, 
as  not  being  of  definite  chemical  composition,  and  a  modified 
form  of  lamp  was  arranged  to  burn  a  mixture  of  100  parts  of 
ethyl  ether  and  nine  parts  benzol.     Their  lamp  reproduces  all 
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of  the  essential  features  of  the  Harcourt  lamp.  One  important 
modiiication  is  that  they  make  the  chimney  and  upper  portion  of 
the  wick  tube  detachable.  This  can  be  placed  on  a  base  by  which 
illuminating  gas  can  be  admitted,  lighted  and  burned  until  all 
these  parts  of  the  lamp  have  reached  a  stationary  temperature. 
The  chimney  and  wick  tu1)e  are  then  replaced  upon  the  font,  and 
upon  lighting,  the  lamp  is  ready  to  be  used  in  photometric 
measurements.  The  materials  which  are  burned  in  the  lamp  can 
readily  be  obtained  in  a  pure  state,  and  are  not  excessively  ex- 
pensive. Tliey  found  that  for  slight  changes  in  the  amount  of 
benzol  added,  when  the  proportions  recommended  were  approx- 
imated to,  the  intensity  of  the  lamp  varied  wQry  slowly.  Two 
series  of  ten  settings  each  of  two  of  these  lamps  against  each 
other  showed  a  variation  of  ±  0.52  per  cent,  while  their  inten- 
sities were  equal.    The  maximum  variation  was  ±  2.10  percent. 

IX. 

Hefner  Lamp. 

Ilerr  von  Hef ner-Alteneck  ^  was  led  to  the  construction  of  the 
lamp  which  bears  his  name,  as  the  result  of  his  experiments  upon 
simple  benzine  lamps.  These  lamps  had  round  flames  and  large 
chimneys.  With  them  he  found  excellent  photometric  results, 
using  different  grades  of  benzine  as  combustibles.  lie  pointed 
out  and  insisted  upon  the  necessity  for  using  a  combustible  of 
known  chemical  composition.  Accordingly  an  investigation  was 
made  of  the  intensity  of  the  flames  given  by  five  fuels  of  differ- 
ent chemical  composition,  including  among  them  commercial 
amylacetate.  These  showed  only  insignificant  differences  in  in- 
tensity as  long  as  the  flames  were  adjusted  to  equal  heights.  He 
concluded  from  this  that  the  height  of  the  flame  is  the  significant 
factor  in  defining  intensities. 

As  a  result  of  this  ex])eriment,  he  proposed  the  following 
lamp  for  giving  a  light  of  unit  intensity.  From  a  metal  base 
projects  a  wick  tube  of  German  silver,  8  mm.  in  interior  diameter, 
0.15  mm.  thick,  and  25  mm.  high.  The  flame  height  is  adjusted 
at  40  mm.  by  the  use  of  a  "  sight,"  or  a  Kriiss's  optical  flame 
measure.  The  wick  fills  the  tube  without  being  compressed,  and 
is  arranged  so  that  its  height  can  be  adjusted  with  nicety.  Since 
the  combustible,  amylacetate,  C7H14O2,  volatilizes  at  a  low  tem- 

1.  Elektroteehnisehe  Zeitschrift,  vol.  iii.,  p.  445,  and  vol.  v.,  p.  20. 
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perature,  the  wick  does  not  need  to  be  brought  up  to  the  top  of 
the  tube  and  does  not  char.  The  lamp  should  be  burnt  at  least 
ten  minutes  before  being  used  for  photometric  purposes. 

The  results  of  his  investigation  of  the  effect  of  impurities  in 
the  amylacetate  are  shown  in  the  following  table  :  * 

TABLB  VIII. 


Amylacetate 
dilated    with 

Specific  gravity. 

Hourly 

consumption 

in  grams. 

Deviation 

from  normal 

rate. 

Deviation 

from  normal 

intensity. 

ao  per  cent,  ftisel  oil 

a  per  cent,  diamylen 

5  per  cent,  alcohol  and  4  per 
cent,  castor  oil 

xo  per  cent,  isobatylacetate 
and  10  per  cent,  amyl- 
alcohol 

0.8645 
0.8725 

0.8745 

0.869 

0.8408 

0.8735 

9.96 
9.24 

9.88 

q.98 
12.92 
9.318 

Per  cent. 
+  6.9 

—  0.8 
-\-  6.0 

—  0.4 
+  39- 

Per  cent. 
—  a.o 

0 

I  Impossible 
1  to  measure. 

+  0.4 
+  40. 

50  per  cent,  alcohol 

Pure 

His  conclusions  were  that  variations  in  intensity  due  to  the 
impurities  which  are  most  common  are  unnoticeable,  while  large 
variations  from  the  normal  are  detectible  through  a  change  in  the 
rate  of  consumption.  Thus  the  rate  furnishes  a  check  both  on 
the  purity  of  the  material  and  the  intensity  of  the  light. 

LiebenthaP  found  that  an  increase  or  decrease  in  the  diameter 
of  the  wick  tube  by  1  mm.  caused  a  diminution  of  1  per  cent,  in 
the  intensity.  Hence  the  given  diameter  corresponds  to  a  maxi- 
mum intensity.  On  the  other  hand,  1  mm.  change  in  the  height 
of  the  wick  tube  produced  a  corresponding  change  in  intensity 
of  only  0.2  per  cent. 

lie  investigated  also  the  relation  between  flame  height  and  the 
intensity  of  the  light  emitted.  Measuring  the  flame  heights  by  a 
cathetometer,  he  found  the  mean  error  to  be  0.08  mm.  to  0.09 
mm.  Using  the  ordinary  "  sight,"  the  mean  error  was  0.5  mm., 
which  may  increase  to  1  mm.  if  the  eye  is  fatigued.  This  is 
due  to  the  disturbing  influences  of  the  non-luminous  mantle 
about  the  point  of  the  flame.  From  this  cause  large  errors  may 
enter.  With  Kriiss's  optical  flame  measure,  the  mean  error  was 
0.3  mm.,  which  corresponds  to  an  error  of  0.9  per  cent,  in  intensity. 

1.  von  IIofner-Alteneck  :  EUktrotechnisclve  ZeiUchrift,  vol.  xxv.,  p.  323. 

2.  EUktrotechniahe  Zeit9chrift,  viii,  p.  504,  and  ix.  p.  96,  taken  from  Jourrhoi 
/ur  Gasdeleuehtung  und  Wauertersargung, 
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The  mean  variation  of  flame  lieight  during  Beveral  periods  of 
time  was  the  subject  of  another  part  of  his  investigations.  His 
results  were  as  follows  : — 

Between  the  12th  and  t33d  of  October,  the  mean  variation  of 
the  flame  height  of  a  lamp,  A^  was  0.32  mm. 

Between  October  24th  and  29t]i  the  mean  variation  of  ^4  was 
0.19  mm.,  and  of  B  0.035  mm.  Between  Octol)er  30th  and 
November  30lfh  the  mean  variation  was  O.IG  mm.  for  both  A 
and  B. 

Finally  he  found  that  the  intensity  of  the  Hefner  light  could 
be  expressed,  with  a  sufficient  degree  of  accuracy,  as  a  linear 
function  of  the  flame  height.     For  heights  less  than  40  mm., 

TABLB  IX. 


Lamp  Hii. 
mean  Intensity. 

Deviation 
from  mean. 

Percentage 
Deviation. 

Mean  Error 
of  each  group. 

Per  cent. 

Per  cent. 

o.35ai 

—  o.a6 

—  0-73 

±0.35 

58 

4-o.ix 

+  0.3J 

.38 

53 

+  0.06 

+  0.17 

.»3 

30 

—  0.17 

—  0.48 

•44 

53 

+  0.06 

-fo.17 

.3a 

56 

+  0.09 

+  o.a5 

•44 

6a 

+  o.«5 

•*-o.4a 

.60 

36 

—  o.ai 

—  0.59 

•54 

63 

-♦-0.J6 

+  0.45 

.a? 

Means 

0-3547 

±  0.40 

±  0.40 

this  is  represented  by  the  first  of  the  following  equations ;  for 
heights  greater  than  40  mm.,  by  the  second : — 

/  =  1  +  0.025  (>i  — 40). 
/  =  1  —  0.034  (40  —  h). 

The  exact  relation  which  he  found  is  shown  in  Fig.  14. 

Investigations  for  the  purpose  of  determining  the  value  of 
the  illuminating  power  of  the  German  standard  candle,  in  terms 
of  the  Hefner  light,  Lummer  and  Brodhun^  compared  four  Hef- 
ner lamps  with  a  glow  lamp.  They  obtained  data  in  Table  IX, 
concerning  one  of  the  lamps.  These  results  show  what  degree  of 
accuracy  can  be  expected  of  this  standard.     From  the  intensity 

1.  ZeiUehr^fur  Imtrufnentenkunde,  vol  ix,  p.  119, 1890. 
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as  given  by  them,  the  deviation  of  eacli  set  of  measurements 
from  the  mean  intensity  has  been  computed,  and  this  deviation 
has  been  reduced  to  percentages. 

The  intensities  of  the  other  lamps  were  as  follows : 

)0  3545  I  0  3539  I  0.3468 

0:3569     ^™P  ^^'"  I  0 :  3558     ^™^  "'^  j  J '  3^53 

Mean  intensity  of  Hj,  Hn  and  H,ji  was  0.3547. 

Mean  error  was  ±  0.13  per  cent. 

The  deviation  of  the  intensity  of  Hiy  from  the  mean  of  the 
other  was  3  per  cent.  The  inner  diameter  of  the  wick-tube  of 
Hiv  was  8.22  mm.,  and  hence  the  deviation  of  its  intensity  from 
the  mean  of  the  others  confinus  Liebenthal's  observation  as 
noted  above. 

The  conclusions  which  were  reached  as  a  result  of  the  official 
tests  of  the  Hefner  lamp  at  the  Reichsanstalt,  are  as  follows :  * 

"  Investigations  have  shown  on  the  whole  a  favorable  result. 
The  intensity  is  not  dependent  upon  dimensions  of  the  lamp  in 
such  measure  as  to  demand  too  much  of  the  maker ;  the  thick- 
ness of  the  walls  of  the  wick  tube  is  of  importance,  since  if  they 
are  too  thick  the  intensity  is  lessened,  while  if  they  are  too  thin 
the  flame  no  longer  burns  steadily.  A  degree  of  purity  of  the 
combustible  which  the  chemist  cannot  easily  reach  is  unneces 
sary,  while  impurities  can  be  detected  by  simple  tests.  Less 
favorable  is  the  dependence  of  the  intensity  upon  the  surround- 
ing air,  the  presence  of  curbon  dioxide  having  a  strong  influence. 
For  the  setting  of  the  height  of  the  flame  either  the  "  sight "  or 
the  optical  measure  may  be  used  ;  whichever  is  used,  it  should  be 
adjustable." 

Liebenthal'*  investigated  the  variations  in  intensity  of  the  Hef- 
ner light  as  dependent  upon  hygrometric  state,  pressure,  and 
amount  of  carbon  dioxide  in  the  atmosphere.  The  method  in 
which  this  investigation  was  carried  out  has  already  been  indi- 
cated in  our  discussion  of  the  Harcourt  lamp.  He  took  a  series 
of  observations  extending  through  12  consecutive  months,  of  the 
intensity  of  the  Hefner  light  as  compared  with  a  glow  lamp, 
measuring  each  day  the  hygrometric  state. 

The  glow  lamp  had  previously  been  used  for  a  long  series  of 
tests  of  many  Hefner  lamps  and  so  its  intensity  in  terms  of  that 

1.  ZeiUehrift  fur  Iiulrumentenkunde,  vol.  xiii.,  p.  257. 
9.  EUktroieehnischs  ZeiUchnft,  vol.  xvi.,  p.  655. 
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unit  was  well  known.  From  the  table  which  is  given,  it  can  be 
seen  ^^  that  the  Hefner  lamp  in  March,  April  and  May,  also  in 
Oct.  and  Nov.  had  an  intensity  almost  equal  to  1,  while  daring 
the  months  of  June  to  Sept.  its  intensity  was  on  the  average  2 
per  cent,  smaller,  and  in  the  months  of  Dec.  Jan.  and  Feb.  it 
was  larger  by  about  the  same  amount.  To  be  sure,  the  varia- 
tions in  the  single  months  are  not  insignificant.  For  the  month 
of  May  for  example,  the  variation  was  in  the  neighborhood  of 
five  jter  cent.  The  least  intensity,  0.948,  occurred  in  July,  and 
the  greatest,  1.033  ;  in  Jan.  and  Feb.  moreover  the  variation  of 
the  light  intensity  during  the  year  under  consideration  amounted 
to  8.5  per  cent." 

"Further,  it  is  to  be  noticed  that  during  this  year  the  mean 
deviation  of  the  intensity  from  that  obtained  from  the  previous 
calibration  of  the  glow  lamp  was  ±  1.78  per  cent." 

"  The  graphical  representation  as  well  as  the  computation  by 

the  method  of  least  squares  shows  that  the  intensity,  y,  of  the 

Hefner  lamp  can  be  represented  with  great  accuracy  as  a  linear 

function  of  the  moisture  of  the  air,  x.     We  have,  between  the 

investigated  values  of  hygrometric  state  of  from  three  to  18 

liters, 

y  =  1.049  —  0.0055  a?, 

or  y  =  1.049  (1  —  0.0053  x). 

"The  intensity  decreases  uniformly  with  increasing  moisture  by 
an  amount  equal  to  0.55  per  cent,  per  liter.  The  difference  be- 
tween the  observed  variations  in  intensity  and  those  computed 
from  the  equation,  is  at  its  maximum  0.9  per  cent,  while  its 
mean  value  is  ±  0.41  per  cent.  In  the  original  definition  of  the 
light  unit  the  moisture  of  the  air  was  not  taken  into  considera- 
tion. Since  the  deviations  which  follow  from  this  are  in  the 
mean  ±  1.78  per  cent,  the  original  definition  of  the  Hefner  light 
is  sufficient  for  almost  all  technical  purposes.  If  one  wishes  a 
greater  accuracy,  some  datum  concerning  the  hygrometric  state 
of  the  air  must  be  inserted  in  the  definition  of  the  light  unit.  It 
would  be  necessary  then  to  determine  for  what  proportion  of 
moisture  the  intensity  of  the  Hefner  lamp  should  be  taken  equal 
to  1.  On  practical  grounds,  it  is  advisable  to  select  for  this  a 
mean  value ;  accordingly  that  hygrometric  state  was  taken  as 
normal,  which  made  the  above  measurements  give  a  value  for 
the  intensity  of  the  glow  lamp  which  was  in  exact  accord  with 
the  previous  extensive  calibration  of  the  same,  namely,  8.8  liters 
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per  en.  m.  of  dry  air.  The  light  unit  designated  by  the  Reieh- 
sanstalt  in  its  ofBcial  tests  as  the  Hefner  light  is  accordingly, 
taken  exactly,  the  intensity  of  the  Hefner  lamp  when  the  hygro- 
metric  state  of  the  air  is  such  that  there  are  8.8  liters  of  moisture 
per  cu.  m.  of  dry  air." 

The  influence  of  pressure  changes  between  the  limits  of  735mm 
and  775mm.  is  shown  to  be  a  small  one.  If  we  call  A  y  the  change 
in  intensity  corresponding  to  the  barometric  height  J,  we  have : 

A  y  0.0032  —  0.00011  (J  —  730)  or 
A  y  =  0.00011  (J  —  760). 

This  represents  a  variation  of  0. 1  per  cent,  per  centimetre. 

"  To  determine  the  influence  of  carbon  dioxide,  four  series  of 
observations  have  been  carried  out  in  the  following  way.  Into 
the  well-ventilated  photometer  room  carbon  dioxide  was  admitted, 
from  a  cylinder  of  the  gas,  and  simultaneously  with  the  photo- 
metric measurements,  the  proportion  of  carbon  dioxide,  was 
found  by  Hempel's  method,  the  moisture  also  being  determined. 
If  we  represent  the  intensity  by  y'  and  the  proportion  of  carbon 
dioxide  in  liters  per  cu.  metre  of  dry  air  by  x',  the  following 
formula  holds  between  0.6  liter  to  13.7  liters  carbon  dioxide  — 
y'  =  1.022  —  0.0072  x',  in  which  the  first  constant  on  the  right 
side  of  the  equation  refers  to  the  intensity  corresponding  to  the 
mean  hygrometric  state.  Accordingly  a  variation  in  the  amount 
of  carbon  dioxide  by  one  liter,  causes  a  variation  of  the  intensity 
by  0.0072  Hefner  light,  that  is  by  about  0.7  per  cent." 

"From  a  comparison  of  the  formulae  for  moisture  and  carbon 
dioxide  we  see  that  equal  volumes  of  watery  vapor  and  carbon 
dioxide  lower  the  intensity  in  unequal  ratios,  which  are  to  each 
other  as  1 : 1.30.  Therefore  volume  for  volume,  the  carbon 
dioxide  influences  the  intensity  to  a  greater  degree  than  the  wat- 
ery vapor.  Yet  in  reality  the  influence  of  the  carbon  dioxide  is 
slight  compared  with  the  influence  of  the  moisture  on  account  of 
its  smaller  quantity.  In  the  freshly  ventilated  photometer  room 
of  the  Reichsanstalt  the  proportion  of  carbon  dioxide  in  the  air 
varied  between  0.62  and  0.93  liters ;  to  this  variation  corresponds 
a  change  in  intensity  of  0.2  per  cent,  which  is  quite  within  the 
limits  of  the  errors  of  observation." 

"We  see  therefore,  that  in  a  sufiiciently  large,  well- ventilated 
photometer  room,  the  carbon  dioxide  does  not  exercise  a  damag- 
ing effect.  Very  small  rooms,  especially  all  enclosed  photometric 
a/>/>aratus  may  give  rise  to  considerable  errors,  since  the  air  in 
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them  is  very  soon  vitiated  to  a  marked  degree  by  the  addition  of 
watery  vapor  and  carbon  dioxide,  and  by  the  removal  of  oxygen/' 

By  other  than  German  photometrists  the  Hefner  light  has  been 
shown  rather  scant  favor,  the  chief  objection  to  it  being  that  the 
flame  is  too  red  in  color.  DiMin  indeed,  made  a  rather  extensive 
test  of  it,  and.fomid  excellent  results  as  far  as  steadiness  goes,  90 
per  cent,  of  the  tests  being  within  one  per  cent,  of  the  mean,  and ' 
this  in  spite  of  the  fact  that  he  took  the  perhaps  unwarrantable 
liberty  of  increasing  the  flame  height  to  51  mm.,  to  make  the  in- 
tensity of  the  lamp  equal  to  that  of  the  British  candle.  The  com- 
mittee of  the  British  Association  found  only  four  among  118 
tests,  which  deviated  more  than  two  per  cent,  from  the  mean, 
and  11  which  deviated  more  than  one  percent,  from  the  mean. 

The  Dutch  Commission,  to  which  allusion  has  already  been 
made,  dismisses  the  Hefner  light  from  consideration  because  of 


the  instability  of  the  flame.  They  found  the  following  values  for 
deviation  in  intensity.  For  a  lamp  using  the  optical  flame  mea- 
sure, the  mean  deviation  was  ±  0.71  percent,  and  the  maximum 
deviation  jt  2.83  per  cent.  :  for  a  lamp  using  a  sight  the  corre- 
sponding values  were  ±  1.08  per  cent,  and  ±  4:.32  per  cent. 

The  bolometric  investigation  made  by  your  committee  upon 
the  Hefner  lamp  is  entirely  corroborative  of  the  previous  tes- 
timony concerning  the  accuracy  and  steadiness  of  that  standard. 
Typical  results  are  given  in  Fig.  15. 

Curve  VII.  of  this  figure  was  taken  when  a  window  in  the 
farthest  corner  of  the  room  was  raised  about  2  cm.  Curve  VII. 
{a)  was  begun  25  minutes  after  the  end  of  VII.,  the  lamp  having 
burned  during  the  interval,  and  the  flame  having  been  readjusted 
in  height.  The  window  was  closed.  The  marked  difference  be- 
tween the  two  curves  is  due  to  the  stoppage  of  this  slight  draft. 
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In  taking  curve  X.,  the  sensitiveness  was  adjusted  at  32.5,  or 
about  double  the  standard  sensitiveness  for  the  other  tests  of  the 
candles  and  of  the  Hefner  lamp.  Then  a  computation  was 
made,  from  the  law  of  inverse  squares,  of  the  distance  at  which 
it  would  be  necessary  to  place  the  lamp  in  order  to  produce  the 
ordinary  deflection.  The  fact  that  the  ordinates  of  this  curve 
agree  with  those  of  the  curves  taken  with  a  sensitiveness  of  16.2 
shows  that  the  method  of  getting  the  sensitiveness  by  taking 
only  first  throws  of  the  galvanometer  needle,  was  an  allowable 
one. 

The  length  of  time  that  the  lamp  had  been  burning,  when 
curves  VIII.,  XI.,  XII.,  and  XIV.  were  begun,  was  20  minutes 
or  less.  Each  of  these  curves  shows  a  gradual  increase  in  the 
amount  of  radiation.  This  emphasizes  the  advisability  of  light- 
ing the  Hefner  lamp  a  considerable  time  before  it  is  to  be  used 
in  photometric  work. 

It  is  to  be  understood  that,  in  the  case  of  each  of  these  runs, 
except  the  one  when  curve  VIII.  was  taken,  the  greatest  care 
was  exercised  to  have  the  room  as  quiet  as  possible.  Curve 
VII.  was  the  first  of  the  Hefner  lamp  curves  taken,  and  the 
need  of  extraordinary  care  in  excluding  drafts  of  air  was  not 
appreciated. 

Data  concerning  the  curves  in  Fig.  15  are  given  in  the  follow- 
ing Table  X. 

TABLK  X. 
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Minutes  on 
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reduced  to 
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lamp  curves. 
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from  general 

mean  reduced 

f 

curve. 

mean. 
38.81 

the 

curve. 

prrccntagc-*. 

to 
percentages. 

0-5 

-0.50 

—1.27 

^ 

k>.i7 

h>.44 

d  1 

5-10 

40.02 

-  -0.71 
+0.33 

--1.81 
4-0.84 

- 

-1.38 

-3.57 

^ 
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Time: 

Minutes  on 

curve. 

Mean 
ordinates 
and  their 

mean. 

Deviations 

from  the  mean 

ordinate  of 

the  curve. 

Deviations 

reduced  to 

percentages. 

Deviations 

from  mean 

ordinate  of  all 

the  Hefner 

lamp  curves. 

Deviations 

from  general 

mean  reduced 

to 
percentages. 
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The  highest  point  on  the  Hefner  curves  is  1.093  of  the  mean, 
and  the  lowest  is  0.867,  giving  a  total  deviation  of  22.6  per  cent. 
This  large  deviation  is  not  so  significant,  however,  as  a  similar 
one  in  the  case  of  candles,  since  in  dealing  with  the  Hefner  lamp 
we  have  to  do  with  an  adjustable  flame,  and  these  fluctuations 
may  indicate  only  that  a  slight  readjustment  was  needed. 

The  most  important  question  in  regard  to  tlie  Hefner  lamp  is 
the  accuracy  with  which  it  can  be  adjusted  to  its  normal  light 
intensity.  Some  idea  may  be  formed  of  this  by  noting  in  Table 
II.  the  percentage  deviations  of  the  first  five  minutes  of  each  of 
the  curves  from  the  mean  ordinate  of  the  first  five  minutes  of  all 
the  curves.  The  maximum  deviation  will  be  seen  to  be  8  per 
cent.,  while  the  mean  deviation  is  2.3  per  cent. 

Curves  XL,  XI.  (a),  XI.  (6),  XI.  {c)  show  the  results  of  suc- 
cessive attempts  to  adjust  the  height  of  flame  to  just  40  mm., 
the  wick  having  been  lowered  between  each  one.  No  zero  and 
sensitiveness  readings  were  taken  between  the  beginning  of  XI. 
and  the  end  of  XI.  (c). 

They  are  of  special  value  to  show  the  accuracy  with  which  the 
flame  can  be  adjusted  under  given  unchanging  conditions. 

From  the  numerical  data  upon  which  these  curves  are  based, 
the  following  table  of  mean  ordinates  has  been  compiled. 


TABLE  X  (a). 


Curve. 

Mean  ordinate. 

Deviation  from  mean. 

Percentage  deviation. 

XI.  (sm) 
XI.  (a) 
XI.  {b) 

XI.  u) 

39.42 
39  37 
40.00 

3946 

—  014 

—  0.19 

+  0.44 

—  o.xo 

—  0.35 

—  0.48 

4- «." 

—  0.25 

Mean ^0.^6 

Mean. , 0.57 

If,  now,  the  assumption  be  made  that  the  light-giving  efficien- 
cies of  the  English  and  German  candles  and  of  the  Hefner  lamp 
are  equal,  it  is  possible  to  get  their  relative  intensities  by  a  com- 
parison of  the  mean  ordinates  of  their  curves.  Beducing  the 
deflections  as  read  on  the  telescope  scale  to  angular  measure  and 
taking  double  the  tangents  of  these  angles,  we  have  for  the  true 
deflections  the  following  values : — 
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Britifih   candle  =  41.06 

German  candle  =  50.40 

Hefner  light      =  38.66 
From  these  values  we  get  the  following  ratios : 

German  candle  __  -  ^^jk 
British  candle 

Hefner  light      ^  ^^^^^ 
British  candle 

Various  determinations  of      ^  ^''  ^         ^^  given  in  Table 

Bntish  candle 

X(J). 

TABLE  X  (b). 

OBSERVER.  ^mtA  Caodle. 

^  Sharp.     Candles  reduced  for  rate 0.872 

^  Sharp.     Candles  reduced  for  flame  height 0.892 

'  Sharp  &  Tumbull.    Integration  of  energy  curves 0.941 

VioUe  0.98 

'  Reichsanstalt  investigations,  mean  value 0.876 

*  Netherland  Photometry  Commission 0.921 

•8.  Schiele.     Mean  value 0  881 

The  value  0.94  rests  on  the  assumption  that  the  radiant  effici- 
encies of  the  candle  and  Hefner  flames  are  equal.  Since  the 
Hefner  flame  is  distinctly  redder  in  color  than  the  candle  flame, 
its  radiant  efficiency  is  probably  smaller,  and  consequently  the 
value  0.94  is  too  large.  A  difference  in  the  radiant  efficiencies 
of  the  two  sources  of  less  than  0.2<  would  serve  to  bring  this 
value  down  to  0.88.  The  preponderance  of  evidence  in  favor  of 
the  value  0.88  is  very  great.     It  is  probably  true  that  the  very 

1.  See  Part  IV  of  this  report.  The  intensity  of  a  Hefner  lamp  was  deter- 
mined by  comparing  it  with  the  glow-lamp  used  throughout  this  investigation, 
the  candle  power  of  which  was,  subsequently,  accurately  known  from  many 
measurements. 

2.  Vide  supra. 

3.  This  is  the  mean  of  a  long  series  of  determinations  made  by  difFeront  ob- 
servers  at  different  times  using  candles  from  various  sources.  The  measure- 
ments were  taken  at  normal  flame  height  of  45  mm.  See  Beglaubigung  der 
Hefner  Lampe.    Zeitschrift  ftlr  Inst ru men tenkunde  13  p.  257. 

4.  An  abstract  in  German  by  KrQss  will  be  found  in  the  Journal  fQr  Qasbe- 
leuchtung  und  Wasserversorgung.     1894. 

5.  Schiele.  Report  of  committee  on  the  comparison  of  the  Hefner  lamp  and 
German  and  British  candles.  Journal  fur  Gasbeleuchtung  und  Wasserversor- 
gung. Band  82.  1889.  p.  757.  Also  Dingler*s  Polytechnisches  Journal,  274. 
p.  540.    The  measurements  were  made  at  normal  flame  height  of  45  mm. 
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best  way  we  have  at  the  present  time  of  determining  candle 
power  is  to  use  tlie  Hefner  lamp  and  then  to  reduce  by  the  use 
of  this  ratio. 

X. 

Platinum  Standards. 

(1)  The  VioUe  Standard} — Violle  conducted  a  long  series 
of  experiments  u]x>n  this  radiation  of  silver  and  platinum  raised 
to  various  temperatures,  and  investigated  also  the  light  emitted 
by  these  metals  when,  after  being  melted,  they  have  just  reached 
the  point  of  solidification.  For  platinum  he  obtained  by  the  use 
of  the  thermo-pile,  a  curve  of  cooling. 

This  shows  that  molten  platinum  cools  very  rapidly  at  first, 
but  as  it  nears  its  point  of  solidification,  its  rate  of  cooling 
becomes  much  slower  and  just  upon  solidification,  there  is  a  sud- 
den rise  in  the  intensity  of  radiation.  After  this,  the  cooling 
goes  on  rapidly  once  more.  Violle's  proposition  for  a  light  stand- 
ard is  this:  lie  would  define  the  unit  of  light  as  the  light  radiated 
by  one  square  centimetre  of  platinum  at  its  point  of  solidification. 
He  melted  the  platinum  by  the  use  of  the  oxy-hydrogen  blow 
pipe.  A  hollow  cylinder  through  which  cold  water  is  circulat- 
ing and  which  is  pierced  by  an  aperture  one  square  cm.  in  size,  is 
then  passed  above  the  molten  metal.  The  light  is  reflected  along 
the  photometer  bar,  and  its  changes  of  intensity  are  followed  by 
means  of  the  photometer.  The  setting  which  is  made  at  the  time 
of  the  final  increase  in  radiation  (eclair)  is  the  one  which  is  taken 
as  representing  the  intensity  of  the  standard.  From  Violle's  mea- 
surements, a  very  good  result  was  obtained  for  this  standard.  Un- 
fortunately, however,  he  used  the  Carcel  lamp  as  a  comparison 
standard  in  much  of  his  work,  and  the  deviation  of  his  various 
measurements  of  the  intensity  of  the  platinum  standard  may  be 
<lue  entirely  to  his  comparison  standard. 

But  few  physicists  have  investigated  this  unit,  the  reason  prob- 
ably being  that  it  is  so  expensive  to  install  and  difficult  to  oper- 
ate. At  the  Reichsanstalt,^  investigations  have  been  made  by 
Lummer  and  Kurlbaum,  in  which  the  platinum  was  melted  by 
Violle's  method,  and  also  by  the  use  of  an  electric  current.  Their 
definitive  results  have  not  been  published,  but  it  has  seemed  ad- 
visable to  them  to  abandon  the  use  of  the  Violle  standard  as 
impracticable. 

1.  Violle,  Annalds  de  Chem,  et  de  Phys,,  Ser.  6,  vol.  iii.,  p.  978. 

2.  Lummer  and  Kurlbaum,  EUktroteeh,  ZmUchrift^'SKX,  xn,\^^^^<^^* 


180  STANDARDS  OF  LIGU1\  [May  20, 

Many  attempts  have  been  made  to  eiibstitute  for  the  large  masB 
of  platinum  which  VioUe  used,  a  thin  strip,  and  to  take  measure- 
ments upon  the  platinum  at  its  melting  point  rather  than  at  its 
point  of  solidification.  None  of  these  has  led  to  very  favora- 
ble results.  The  best  one  probably  is  tliat  proposed  by  Siemens. 
This  has  been  carefully  investigated  at  the  Keichsanstalt.  Hun- 
dreds of  meltings  were  made,  the  greatest  precautions  being  al- 
ways employed,  but  the  deviations  were  found  to  be  as  large  as 
10  per  cent,  or  more.  The  conclusion  reached  from  this  by  Lum- 
mer  and  Kurlbaum  is  that  thin  platinum  foil,  when  heated  elec- 
trically, often  tears  apart  long  before  the  whole  of  the  radiating 
surface  has  reached  the  melting  point. 

Mr.  C.  R.  Cross^  investigated  the  radiation  from  platinum 
wires  of  various  diameters  when  brought  to  the  melting  point  by 
the  electric  current,  and  came  to  the  conclusion  that  the  fusing 
point  depended  upon  the  previous  history  of  the  platinum,  the 
gas  occluded,  etc. 

Draper,  Schwenler  and  others  have  proposed  as  a  light  stand- 
ard, the  light  emitted  from  the  surface  of  a  platinum  foil  of  def- 
inite dimensions  when  a  given  amount  of  electrical  energy  is 
being  expended  in  it.  None  of  these  suggestions  have  led  to 
any  practical  result. 

(2)  The  Lummer  and  Kurlbaum  Platinum.  Unit, — P>om  their 
previous  investigation  of  the  Violle  and  Siemens  standards, 
Lummer  and  Kurlbaum'  concluded  that  absolutely  pure  platinum 
should  be  used  as  a  radiating  surface.  They  found  that  even  a 
rough  surface  of  the  same  became  white  when  incandescent,  and 
that  moreover  the  platinum  tended  to  purify  itself  when  repeat- 
edlv  heated  and  cooled.  On  the  other  hand,  it  would  seem  that 
the  fixed  temperature  could  be  neither  the  melting  point  nor  the 
solidifying  point  of  the  platinum,  so  that  a  method  of  defining 
the  temperature  of  an  incandescent  platinum  surface  was  sought 
for.  Those  observers  appear  to  have  reached  the  end  sought, 
even  though  the  light  unit  obtained  has  not  entirely  fulfilled 
their  wishes  in  respect  to  simplicity.  "  It  demands,"  they  say, 
"  a  complicated  arrangement  of  delicate  apparatus,  and  great 
experimental  skill."  They  define  tlie  unit  of  light  as  that  emitted 
by  one  square  centimeti'e  of  incandescent  platinum  when    the 

1.  La  Lumi^re  fClectrique,  22.  p.  507. 

2.  Lummer  and  Kurlbaum  :  EUktroteehnische  ZeiUchrifl,  vol.  xv.  (1894). 
p.  474. 


1896.]  UEPORT  OF  SUB  COMMITTER.  181 

ratio  of  the  portion  of  its  radiation  transmitted  by  a  specially 
designed  water  cell  to  its  total  radiation  is  equal  to  -^^  The 
platinum  foil  is  stretched  beneath  a  suitable  covering  arranged  to 
make  uniform  the  currents  of  air,  and  is  heated  by  an  electric 
current  from  storage  batteries.  The  current  required  is  from 
50  to  80  amperes.  By  the  introduction  of  resistance,  the  current 
is  adjusted  to  such  an  intensity  that  the  radiant  efficiency  be- 
comes such  as  desired.  In  front  of  the  platinum  foil  is  a  tube 
pierced  with  an  aperture  one  square  centimetre  in  size,  and  cooled 
by  water  circulation.  The  water  cell  is  made  of  a  cylindrical 
glass  ring,  closed  by  two  parallel  quartz  plates.  The  quartz  plates 
are  each  one  mm.  thick,  and  the  thickness  of  the  layer  of  water 
is  2  cm.  The  bolometer  used,  is  that  constructed  by  Lummer  and 
Kurlbaum  for  such  work,  and  consists  of  very  thin  platinum  foil, 
which  has  been  cut  away  in  the  form  of  a  grid. 

The  standard  which  carries  the  platinum  foil,  is  made  to  rotate 
through  90®,  so  as  to  face  either  the  bolometer  or  the  photom- 
eter. Comparisons  of  the  intensity  of  the  light  were  made  with 
a  glow  lamp  by  means  of  the  Lummer-Brodhun  photometer.  In 
determining  the  constancy  of  the  radiation  of  the  glowing  platinum 
the  bolometer  was  used.  Throws  of  the  galvanometer  were  taken 
at  intervals  of  one  minute,  the  result  showing  an  admirable  degree 
of  constancy.  In  determining  the  radiant  efficiency,  the  throws  of 
the  galvanometer  showing  the  total  radiation, and  radiation  through 
the  cell  were  taken  with  the  bolometer  at  such  distances  from 
the  platinum  foil  that  the  galvanometer  throws  would  be  equal 
in  the  two  eases ;  that  is,  the  distances  were  in  the  ratio  of  1  :  V'lO. 
In  this  way  any  errors  due  to  the  peculiarities  of  the  galvanom- 
eter used  were  eliminated.  It  was  found  that  an  error  of  one 
per  cent,  in  determining  the  radiant  efficiency  corresponded  to  an 
error  of  three  per  cent,  in  the  intensity  of  light.  Investigation 
of  the  radiation  from  chemically  pure,  and  from  commercial  pla- 
tinum foil  showed  a  difference  between  them.  At  a  high  tem- 
perature the  impurities  of  the  commercial  foil  evaporate,  so  that 
the  surface  does  not  remain  perfectly  smooth,  while  the  surface 
of  the  chemically  pure  foil  becomes  mirror-like.  Keproductions 
of  the  standard  could  be  made  with  chemically  pure  foil  within 
one  per  cent.;  with  the  commercial  foil  on  the  other  hand,  devia- 
tions of  from  two  to  three  per  cent,  occurred.  The  aperture  in 
the  diaphragm  could  be  measured  within  0.01  mm.  which  cor- 
responds to  0.2  per  cent,  change  in  light  intensity.     The  cosine 
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law  of  radiation  was  found  to  be  followed  with  such  accuracy 
that  no  error  resulted  when  the  foil  was  not  exactly  parallel  to 
the  diaphragm.  An  error  of  0.1  mm.  in  the  thickness  of  the 
quartz  plates  of  the  water  cell  produced  an  error  in  the  light  in- 
tensity of  0.1  per  cent.,  while  an  error  of  0.1  mm.  in  the  thick- 
ness of  the  layer  of  water  produced  an  error  of  one  per  cent. 

The  greatest  difficulty  arose  from  the  selective  absorption  of 
the  material  with  which  the  bolometer  strips  were  blackened.  It 
was  found  to  be  impossible  to  get  consistent  results  for  the  radi- 
ant efficiency  with  various  bolometers  covered  with  lamp-black, 
on  account  of  the  lack  of  uniformity  in  the  thickness  of  the  lamp- 
black covering  on  the  different  bolometers.  A  good  result  waa 
obtained,  however,  by  coating  the  bolometer  strips^  with  an  elec- 
trolytic deposit  of  platinum  black.  A  solution  of  definite  com- 
position was  made,  the  bolometer  strips  and  platinum  strips  were 
immersed  in  it,  and  a  certain  definite  current  was  passed  through 
for  a  definite  time.^  This  resulted  in  a  coating  which  was  abso- 
lutely uniform,  and  has  enabled  consistent  results  to  be  obtained 
for  the  radiant  efficiency.  The  conclusion  reached  as  the  result 
of  these  experiments  is,  that  by  using  such  apparatus  and  by 
taking  careful  account  of  all  possible  sources  of  error,  a  light 
unit  is  obtained  which  can  be  reproduced  within  one  per  cent. 

XI. 

The  Blondel  Arc  Standard. 

An  isolated  portion  of  the  crater  of  the  positive  carbon  of  the 
arc  has  been  suggested  both  as  a  primary  and  secondary  standard. 
The  suggestion  came  from  Swinburne  and  S.  P.  Thompson  inde- 
pendently, in  1892,  and  in  a  paper^  read  at  the  Electrical  Con- 
gross  at  Chicago,  the  latter  urges  its  adoption  as  a  substitute  for 
the  Yiolle  platinum  standard. 

That  the  liglit  emitted  from  the  crater  is  constant  in  quality 
and  brightness  was  pointed  out  as  early  as  1878,  by  Capt.  Abney. 
Recent  measurements  by  Yiolle  indicate  a  constant  intrinsic 
brightness  quite  independent  of  the  power  expended  in  the  arc* 

1.  For  a  bolometer  of  8  cm.*  area,  the  solution  is  as  follows  :  Platinum 
chloride,  1  part ;  water,  30  parts  ;  Lead  acetate  enough  to  make  one  part  to* 
4.000  parts  water.  The  temperature  of  the  solution  should  be  20**  ;  the  e.  m  f. 
4  volts  ;  the  current  0.25  ampere.  The  current  is  allowed  to  pass  for  2  minutes* 
The  bolometer  strip  is  placed  between  two  platinum  electrodes  so  that  both 
sides  are  equally  blackened.  See  Zeitschrift  fur  Inairumentenkunde,  Aug.  1895. 

2.  **Proc,  of  the  International  Elec.  Congress,"  p.  267. 
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His  experiments  were  conducted  between  the  wide  limits  of  10 
and  400  amperes  and  corresponding  power  values  of  500  and  34,- 
000  watts.  Throughout  this  range  VioUe  found  the  spectro- 
photometer to  show  no  variation  in  quality  of  light  emitted — a 
result  which  was  corroborated  by  a  photographic  method.  These 
results  lead  Yiolle  to  announce  absolute  constancy  in  the  tempera- 
ture of  the  crater  surface — a  constancy  which  he  believes  to  be 
due  to  a  true  ebullition  of  the  carbon  at  this  point.  This  view  is 
in  accordance  with  those  advanced  by  S.  P.  Thompson. 

The  temperature  of  the  positive  carbon  VioUe  has  determined 
to  be  3,500^.  This  value,  obtained  by  a  calorimetrical  method, 
must  be  considered  as  only  approximate,  owing  to  lack  of  knowl- 
edge of  the  specific  heat  of  carbon  at  this  extreme  temperature. 

To  BlondeP  is  due  the  first  attempt  to  put  this  standard  into  a 
working  form.  In  the  form  of  lamp  adopted  by  him,  an  ob- 
liquity of  40°  to  00°  from  the  vertical  is  given  to  the  crater  sur- 
face by  inclining  the  carbons  about  20®  from  the  vertical.  The 
extent  of  the  incandescent  surface  exposed  is  regulated  by  a 
diaphragm  pierced  by  holes  of  different  sizes,  any  one  of  which 
may  be  brought  behind  an  opening  in  the  screen  by  a  simple  ro^ 
tation.  The  screen  is  cooled  by  a  stream  of  water  as  in  the 
Violle  standard.  For  arc  light  photometry  an  opening  of  one 
square  millimetre  is  recommended.  The  illumination  on  a  screen 
4  m.  distant  is  then  about  10  candle-metres.  The  best  results  are 
obtained  by  maintaining  an  arc  of  5  mms.  with  a  current  density 
of  0.2  ampere  per  square  mm.  It  is,  of  course,  essential  that  the 
operator  satisfy  himself  that  he  is  getting  light  from  the  region 
of  maximum  brightness  before  making  a  photometer  setting. 
This  is  ensured  by  momentarily  dropping  a  small  lens  in  front  of 
the  hole  and  projecting  an  image  of  tlie  carbon  points  upon  a 
screen  placed  at  right  angles  to  the  photometer  bar.  Blondel  has 
determined  the  intrinsic  brightness  of  this  source  to  be  158 
candles — the  extreme  figures  in  his  measurements  being  150  and 
163. 

With  reference  to  this  standard,  a  question  of  paramount  im- 
portance is  that  of  the  influence  of  the  quality  of  the  carbons 
upon  the  intensity.  Since  the  impurities  are  volatilized  at  a  re- 
latively low  temperature,  a  surface  of  pure  graphite  is  left  as  the 
light-emitting  coating  of  the  crater,  and  it  might  be  supposed 
that  moderate  variations  in  the  quality  of  the  carbons  would  be 

1.  Blondel,  "Proc.  International  Elec.  Congress,'*  p.  828. 
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without  effect  on  the  intensity  of  the  light  emitted.  Blondel'e 
reaoarches  in  this  direction  indicate  the  contrary.  For  cored  car- 
bons he  obtains  values  as  low  as  130  candles  for  the  intrinsic 
briglitness.  Even  with  homogeneous  carbons  there  is  a  consider- 
able variation — so  much,  indeed,  that  the  utility  of  the  device  for 
anything  hut  a  secondary  standard  for  arc  light  photometry  is  ex- 
ceedingly doubtful.    . 

Bolometric  curves  of  an  iniprovised  arc  standard  consisting  of 
a  Schiickert  focussing  arc  lamp  with  oblique  carbons,  in  front  of 


Fia.  16. — Between  the  points  a 


interval  of  SO.IS  minutes. 


which  a  diaphragtn  was  monnted,  are  shown  in  Fig.  Iti.  It 
would  not  be  fair,  perhaps,  to  claim  that  in  tliis  experiment  the 
conditions  proposed  by  Blondel  were  successfiilly  fulfilled.  It 
may  be  said,  however,  that  a  reasonable  attempt  was  made  to  do 
so  on  the  part  of  practiced  experimenters.  The  range  of  the  sud- 
den fluctuations  which  the  curve  exhibits  may  be  taken  as  indica. 
tive  of  the  difficulties  which  those  are  likely  to  encounter  who 
nse  such  a  standard. 
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Xll. 
Kerosene  Oil  Lamps. 

These  lamps  have  been  quite  extensively  used  as  secondary 
standards,  and  have  been  usually  found  very  satisfactory. 

Heim,*  in  studying  the  eflSciency  of  various  sources  of  light, 
used  a  kerosene  lamp  as  a  secondary  stai^dard,  with  good  re- 
sults. 

A  screened  kerosene  student's  lamp  has  been  found  to  give 
good  results  when  used  in  the  Edgerton  photometer.'  The 
screen  was  pierced  with  a  round  hole  12  mm.  in  diameter.  With 
different  kinds  of  kerosene,  there  was  a  slight  difference  in  in- 
tensity. A  series  of  ten  observations,  each  with  flame  height 
varying  from  65  mm.  to  300  mm  ,  showed  a  maximum  variation 
in  intensity  of  only  5  per  cent.  Changes  in  flame  height  amount- 
ing to  from  12  to  25  mm.  made  inappreciable  differences  in  in- 
tensity. The  chimney  used  had  a  considerable  influence  on  the 
intensity. 

Herr  von  Hefner- Alteneck'  has  emphasized  the  points  of  ex- 
cellence of  kerosene  lamps,  claiming  that  they  are  superior  to 
the  Carcel  lamp. 

*In  some  of  th6  measurements  of  the  intensity  of  a  candle 
as  a  function  of  the  height  of  its  flame,  a  kerosene  lamp  with  an 
Argand  burner,  similar  to  the  ordinary  student  lamp  burner,  was 
used.  The  upper  part  of  the  chimney  was  covered  by  a  tightly- 
fitting  cylinder  of  ferrotype  iron,  in  such  a  way  that  the  top  of 
the  flame  was  entirely  hidden.  This  furnished  a  very  steady 
source  of  light,  after  it  had  been  burned  long  enough  for  the 
parts  to  become  thoronghly  warmed,  and  its  intensity  was  unaf- 
fected by  slight  adjustments  of  the  height  of  the  flame,  provided 
only  that  the  flame  was  always  high  enough.  Its  intensity  varied 
enough  from  day  to  day,  however,  to  make  its  indications  unreli- 
able without  a  daily  calibration. 

A  convenient  form  of  kerosene  lamp  requiring  no  chimney,  in 
many  ways  suited  to  photometric  purposes,  is  the  Hitchcock 
mechanical   draught  lamp,  made  at  Watertown,  N.  Y. 

1.  Heim,  LumUre  jSlectrique,  26,  p.  220. 

2.  Polytechnic  Review,  1878,  5.  p.  161. 
Dinglefe  Polytechni»che%  Journal,  229.  p.  48. 

8.  Von  Hefner-Alteneck.     EUktrotech.  Zeitschrift,  4,  p.  446. 
4.  Sharp.     Phys,  Rev,     Part  IV  of  this  Report. 
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XIII. 

The  Cakcel  and  Kbats  Lamps. 

The  Carcel  lamp  has  been  in  nse  for  very  many  years  in  France, 
and  in  the  hands  of  experienced  operators  it  is  capable  of  yielding 
good  results.  The  combustible  is  colza  oil,  the  normal  rate  being 
42  grams  per  hour.  The  most  exhaustive  tests  of  its  behavior  are 
those  of  Audoinand  Berard,^  mads  under  the  directions  of  Duma» 
and  Regnault.  In  these  experiments  the  efiPect  of  the  height  of 
the  wick,  its  nature  and  the  height  of  the  contraction  in  the 
chimney  were  studied  with  reference  to  the  consumption  of  oiL 
The  results  indicate  that  it  is  unjustifiable  to  take  the  intensity 
as  proportional  to  the  rate  of  burning  unless  these  variables  are 
very  carefully  looked  after,  that  is  to  say,  unless  the  lamp  is- 
always  used  under  conditions  which  it  is  very  difficult  to  maintain 
constant. 
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In  countries  other  than  France,  the  Carcel  lamp  has  met  witb 
little  favor,  the  results  of  tests  showing  considerable  variations  in 
behavior.  Dibdin's  results  (1888)  show  a  mean  deviation  from 
33  sets  of  observations  of  1.84  per  cent.,  disregarding  signs.  The^ 
maximum  was  4.1  per  cent,  32  per  cent,  of  the  tests  being  within 
one  per  cent,  of  mean. 

The  Keats  lamp  shows  a  better  behavior.  Thus  Dibdiu  found 
71  per  cent,  of  his  observations  within  one  per  cent,  of  the  mean^ 
and  a  maximum  variation  of  3.4  per  cent.  On  the  strength  of 
these  comparative  results  he  rejects  the  Carcel  lamp  in  favor  of 
the  Keats,  liis  report  of  1888  shows,  for  the  Keats  lamp,  a  maxi- 
mum deviation  from  mean  of  9.4  per  cent.,  39  per  cent,  of  the  ob- 
servations being  within  one  per  cent,  of  mean.  He  says:  '*  The 
Keats  lamp  has  been  tried  most  thorou'ihly,  but  has  failed  ia 

1.  Annales  de  Chemie  et  da  Physique,  3d.  series,  vol.  Ixv. 
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practice  to  realize  all  that  was  formerly  hoped  for  it,  not  so  inuch 
from  any  inherent  defect,  as  from  the  severe  trial  it  makes,  as 
compared  with  other  systems,  upon  the  patience  of  the  observer." 

Figure  17  contains  a  curve  which  is  typical  of  the  behavior  of 
this  source  of  light.  It  will  be  noted  that  the  rapid  fluctuations, 
characteristic  of  naked  flames  are  almost  absent. 

The  curves  obtained  in  the  study  of  the  Carcel  lamp  all  show 
clearly  the  great  gain  in  steadiness  of  the  flame  resulting  from  the 
use  of  a  proper  chimney.  The  deviations  were,  for  the  most  part, 
no  larger  than  the  swings  of  the  galvanometer  when  the  bolom- 
eter was  unexposed  to  radiation.  The  variations  extending  over 
a  considerable  period  of  time  are,  however,  by  no  means  inconse- 
quential. In  the  course  of  one  test  there  was  a  total  deviation 
in  the  mean  ordinates  of  the  five  minute  periods  of  6.1  per  cent., 
taking  place  in  ten  minutes.  Another  experiment  shows  a  devia- 
tion of  less  than  0.8  per  cent,  in  35  minutes,  and  this  is  perhaps  a 
more  typical  illustration  of  what  may  be  expected  from  this  lamp 
when  burned  under  the  best  conditions.  The  highest  and  lowest 
points  on  any  of  the  Carcel  curves  are  29.9  and  25.4  respectively, 
corresponding  to  deviations  from  the  mean  of  the  curves  of -j-  ^*^ 
per  cent,  and  —  12.5  per  cent.,  or  a  total  of  18.2  per  cent.  The 
maximum  deviations,  for  periods  of  five  minutes,  are  +  5.3  per 
cent,  and  —  8.4,  giving  a  total  of  13.7  per  cent. 


XIV. 
The  Aoetylenk  Flame. 

A  preliminary  report  has  already  been  made  to  the  Institute  on 
the  use  of  the  acetylene  flame  as  a  light  standard.^ 

In  France,  Yiolle  has  given  some  attention  to  this  standard, 
and  has  published  a  note  concerning  it.^  The  latter  recommends 
the  use  of  a  flat  flame,  maintained  at  a  pressure  of  30  cm.  of 
water,  the  gas  being  mixed  with  air  drawn  in  at  the  base  of  the 
burner.  The  entire  flame  may  be  used  as  the  light  source,  or  it 
may  be  screened  to  any  desired  amount.  Under  former  condi- 
tions a  consumption  of  gas  of  58  litres  per  hour  is  reported  as 
furnishing  a  light  twenty  times  that  of  illuminating  gas  in  an  or- 

1.  Fessenden,  Transactions,  p.  607,  June-July,  1895 

2.  CampUs  Jiendus,  Jan.  13,  1896. 
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-dinary  burner.  The  diBtribntion  of  Inminons  intensify  in  the 
«pectrnin  of  acetjlene  is  found  to  coincide  quite  closely  with 
that  of  platinum  at  the  melting  point. 

XV. 
Incandescent  Ozidks. 
OoDcerning  the  sources  of  light  which  depend  upon  the  inoan- 
'desoence  of  a  glowing  metallic  oxide,  a  sufficient  amonnt  of 
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work  has  been  done  to  show  that,  as  a  class,  they  possess  a  prop- 
erty fatal  to  their  use  as  light  standards.  This  property  may  be 
illustrated  by  means  of  measurements  made  by  a  member  of  the 
Committee  on  Light  Standards., 

1.  Nichols  and  Crehore,  Phy.  Rm..  toI.  i,  p.  ISl. 
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In  these  measurements,  the  radiation  from  the  glowing  oxide  of 
calcium,  namely,  from  a  cylinder  of  the  Drummond  light 
brought  to  incandescence  by  the  action  of  the  oxy-hydrogen 
flame  was  tested  by  means  of  the  thermo-pile  and  galvanometer. 
The  intensity  of  radiation,  as  determined  by  means  of  the  de- 
flection, was  measured  as  function  of  the  time  from  the  instant 
of  ignition,  for  a  period  of  fifty  minutes.  Similar  curves  were 
taken  for  the  radiation  capable  of  passing  through  water  cells^ 
which  were  interposed  between  the  thermo-pile  and  the  cylinder. 

From  the  results,  shown  graphically  in  Fig.  18,  there  is  seen  to 
be  a  rapid  and  continual  falling  off  in  intensity,  which,  in  the  case- 
of  the  total   radiation,  amounts  to  60  per  cent,  during  the  first. 
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twenty  minutes  after  ignition.  This  continues,  but  with  decreas- 
ing rapidity,  throughout  the  remainder  of  the  time.  At  the  end 
of  fifty  minutes,  tlie  intensity  of  radiation  in  terms  of  the  in- 
itial intensity  is  about  27  per  cent.  By  plotting  the  ratio  of  the 
curve  of  total  radiation  to  that  of  luminous  radiation,  we  obtain 
the  radiant  efficiency  of  the  lime  light  as  a  function  of  the  time. 
Were  this  curve  a  horizontal  line,  the  conclusion  would  be  that 
the  quality  of  this  source  remained  a  constant,  although  the 
amount  of  light  which  it  sends  forth  diminished.  The  curve 
which  is  given  in  Fig.  19  indicates,  however,  that  the  initial  ef- 
ficiency, which  amounts  to  about  15  per  cent.,  falls  off  in  tlie 
course  of  fifty  minutes  to  less  than  t)  per  cent.    The  former  cor> 
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responds  to  tlio  radiant  efficiency  of  the  magDesinm  light,  a  ralne 
which  is  in  accordance  with  the  character  of  the  light  emitted  by 
the  freehl;  ignited  lime.  The  latter  shows  a  degree  of  incan* 
desoence  inferior  to  that  of  the  ordinary  arc  light  This  change 
is  in  complete  corroboration  of  the  results  of  earlier  photometric 
tests  of  this  sonrce.' 

The  measurements  were  supplemented  hy  a  photometric  study 
of  the  lime  light  in  the  course  of  which  the  decadence  of  three 
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typical  wave  lengths  was  computed  as  a  function  of  the  time. 
These  were,  violet  wave  length  418,  green  wave  length  53S,  and 
red  wave  leugtli  662.  Measurements  of  these  regions  of  the 
spectrum  during  30  minutes  from  the  time  of  ignition,  gave  a 
«urve  the  cbaracter  of  which  is  indicated  in  Fig.  20.  It  will  be 
seen  that  in  all  three  cases  there   is  a  very  rapid  diminution   of 

1.  See  Pickering,  "  American  Academj  of  Arts  and  Sciencee,"  vol.  xv;  alio 
Jfjobols  and  Fnnklin,  Amm-iean  Journal  of  Seienee,  vol.  88,  p.  108. 
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liglit.  The  falling  off  of  the  value  amounts  to  more  tlian  80  per 
•cent,  during  30  minutes.  From  these  values,  and  from  a  complete 
study  of  the  spectrum  of  lime  under  the  conditions  which  it 
reaches  after  80  minutes,  it  is  possible  to  plot  curves  showing  the 
relative  distribution  of  light  in  lime  light  and  gas  light  at  differ- 
•ent  times  after  ignition.  In  Fig.  21  a  set  of  such  curves  are  given, 
which  show  graphically  the  manner  in  which  the  lime  light  falls 
off  in  intensity  and  varies  in  quality  during  the  first  half  hour  of 
its  incandescence.      These  curves  are  very  similar  to  those  which 


^    SPECTRUM  CURVE8  OF  THE  LIME  LIGHT 

Fig.  21. 


have  been  obtained  with  oxide  of  zinc  heated  electrically  to  a 
temperature  of  1,000*"  ^ 

Cursory  observations,  made  in  cases  where  disks  of  magnesium, 
oxide  and  zircon  had  been  substituted  for  the  lime,  showed  analo- 
gous behavior,  although  there  seemed  to  be  reason  to  believe 
that  the  decadence  was  not  so  rapid  as  in  the  case  of  lime. 

1.  Franklin,  Amer,  JournaX  of  Science ^  vol.  xxxviii.,  pp.  108. 

See  Nichols  and  Snow,  Philoiophieal  Magazine^  (5)  vol.  xxxii.,  pp.  401. 
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Measurements  made  with  the  Welsbach  incandescent  mantle 
burners  afford  abundant  evidence  of  the  same  tendency  on 
the  part  of  this  source  of  light.  Records  of  candle  power  and 
gas  supply  have  been   made  covering  several  hundred  hours  ^ 
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Fig.  22  which  is  constructed  from  the  measurements  of  Ida  M. 
Hill  ^  shows  the  relationship  between  the  candle  power  and  gas^ 


1.  See  thesis  of  E.  V.  Stebbins,  Mss.  in  the  Library  of  Cornell  University,  also 
Nichols  lAboratory  Manual  of  Physics  and  Applied  Electricity,  vol.  ii..  p.  889. 
Z  Ida  M.  Hill,  thesis  in  the  Library  of  Cornell  University,  1890. 
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eapplied  to  a  mantle  bnrner  of  the  form  in  use  in  1890,  when 
new,  at  the  end  of  75,  200  and  300  hours.  Fig.  38  shows  the 
curve  of  decadence  with  ^i^  of  a  later  type  of  mantle  bamer, 
from  the  measurements  of  Mr.  Stebbine.  It  is  interesting  to  note 
the  resemblance  between  the  latter  curves  and  the  like  curves  of 
the  incandescent  lamp.  It  has  recently  been  pointed  out  as  a  re- 
sult of  microscopical  examinations  of  this  burner,  that  there  is 
permanent  cause  of  the  falling  off  in  the  candle  power,  namely  a 
diminution  in  the  radiating  surface'. 

It  should  be  said  in  this  connection,  that  the  rate  of  decadence 
of  such  burners  after  about  100  hours  becomes  very  slow.  It  is 
poeeible  that  mantle  burners  properly  aged  by  previous  incandea- 
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cence  might  afford  satisfactory  standards.  This  committee  has 
not  as  yet  had  the  opportunity  to  test  the  properties  of  snch  a 
standard. 

These  data  make  it  evident  that  if  the  light  from  an  incandes- 

1.  St.  John  found  that  the  net  work  of  the  mantle  when  new  showed  intereti- 
cee  near);  flileil  with  the  oxide,  whereas  in  100  hours  the  material  had  largelj- 
diMppeared  reducing  the  net  work  to  a  skeleton.  St.  John  estimated  the  dim- 
inntion  fh  radiating  surface  at  about  60  per  cent,  which  would  very  nearlj  ac- 
ooant  for  the  falling  off  in  candle  power,  (See  "Wiedemann's  A  nnalen,"  vol.  HO, 
p.  488  .)  Photometric  measurements  of  this  source  show,  however,  a  greater  re- 
lative loss  of  violet  than  of  red  light,  and  measurements  ii(  the  radiant  efficienc;" 
show  that  this  likewise  falls  ofl.  These  two  facts  always  accompanj  one 
another,  and  they  indioatc  a  change  in  the  radiating  power  of  the  material. 
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cent  metallic  oxide  is  to  be  used  in  the  production  of  a  primary 
light  standard,  the  method  of  composition  must  be  one  which  con- 
tinually introduces  a  freshly  formed  film.  The  light  of  a  burn- 
ing magnesium  ribbon  fulfills  this  condition,  but  there  is  as  yet 
no  practicable  method  of  controlling  the  combustion  of  such  a 
ribbon. 

XVI. 
The  Glow  La.mp  as  a  Standard  of  Light. 

It  was  at  one  time  thought  by  some,  that  under  carefully  pre- 
scribed conditions  of  manufacture,  glow  lamps  would  give  a  suf- 
ficiently constant  performance  to  make  them  of  use  as  primary 
light  standards.  This  suggestion,  brought  forth  during  the  early 
days  of  glow  lamp  manufacture,  has  been  shown  to  be  of  little 
value.  During  recent  years,  this  source  has  been  the  subject  of 
exhaustive  tests  on  both  sides  of  the  Atlantic,  with  the  result 
that  its  behavior  is  now  well  known.^ 

As  a  secondary  standard,  the  glow  lamp  occupies  an  important 
place.  Ease  and  constancy  of  regulation,  and  the  possibility  of 
securing  a  standard  of  nearly  the  same  intensity  and  color  as 
the  light  under  test,  are  among  its  advantages.  In  fact,  the 
glow  lamp  may  be  said  to  constitute  the  best  secondary  source  at 
the  command  of  the  photometrist  to-day,  and  it  is  accordingly 
largely  used  by  lamp  manufacturers  in  rating  their  product. 
There  are,  however,  certain  precautions  to  be  observed  in  its  use. 
Life  tests  of  the  older  types  of  lamps  were  characterized  by  a 
marked  fall  in  candle  power  during  the  early  part  of  their  life, 
after  which  the  change  became  much  more  gradual.  Kecent 
tests  by  Ayrton  and  Medley^  show,  in  the  Edison-Swan  lamps, 
an  initial  rise  in  the  candle  power.  This  rise,  amounting  in  some 
<!aBes  to  thirty-three  per  cent,  during  the  first  124  hours  of  life,  is 
not  accompanied  by  a  proportionate  increase  in  energy  con- 
sumed ;  that  is,  the  efficiency  rises  during  the  early  life  of  the 
lamp.  The  spark  test  shows  in  these  lamps  an  improved 
vacuum  after  they  have  been  burning  for  some  time.     That  the 

1.  See,  among  others  :  Peirce,  Transactions,  vol.  vi,  p.  298;  Nichols,  N.  T. 
Electric  Club  Pamphlets,  No.  27  (1890),  and  Thomas,  Martin  and  Hassler. 
Transactions  toI.  iz,  p.  271. 

2.  Tests  of  Glow  Lamps  PhU.  Mag.,  May,  1895. 
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-change  in  vacuum  is  the  cause  of  the  increasing  light  intensity 
does  not  seem  to  be  established  by  experiment,  since  the  improve- 
ment in  the  vacuum  is  found,  to  a  marked  degree,  in  lamps 
which  show  but  slight  rise  in  candle  power. 

But  whether  the  early  life  of  a  lamp  be  marked  by  rise  or  fall  in 
candle  power,  it  is  in  almost  all  cases  the  period  of  most  rapid 
variation,  and  hence  it  is  important  that  this  stage  should  be 
passed  in  lamps  used  as  light  standards.  It  is  also  important 
that  the  lamp  should  not  be  strained  by  an  excessive  voltage,  as 
its  later  life  will  be  accompanied  by  rapid  decline  in  candle 
power.  As  soon  as  an  incandescent  lamp  has  been  standardized, 
^ne  or  more  copies  of  it  should  be  made  and  put  aside,  in  order 
that  the  original  lamp  may  be  examined  at  any  time  for  change 
in  intensity. 

The  steadiness  of  the  energy  supply  is,  of  course,  of  prime  im- 
portance. It  is  difficult  to  obtain  satisfactory  results  with  any 
source  other  than  storage  batteries.  Moreover,  the  electrical 
measurements  to  which  the  intensity  is  referred  must  be  made 
with  accuracy.  Roughly  speaking,  the  candle  power  of  a  glow 
lamp  is  proportional  to  the  cube  of  the  watts  expended  in  it, 
and  to  secure  a  constancy  within  1  per  cent,  in  the  luminous 
source,  the  electrical  energy  supplies  must  be  controlled  within 
0.4^  per  cent,  at  least. 

How  very  accurate  a  secondary  standard  the  glow  lamp  be- 
comes when  properly  handled,  may  be  seen  by  a  report  of  the 
Reichsanstalt  in  Charlottenburg. 

It  refers  to  an  admirable  investigation  of  glow  lamps  as  sec- 
ondary standards,  made  by  Lummer  and  Brodhun*,  at  the  Reichs- 
anstalt. They  compared  with  each  other  two  65-volt  lamps  run 
at  a  pressure  of  a  little  less  than  55  volts,  determining  by  means 
of  one,  the  change  in  intensity  of  the  other  when  the  latter  was 
operated  many  hours. 

In  order  that  photometric  measurements  might  be  signiticant 
to  within  0.1  per  cent,  measurements  of  current  and  potential 
were  made  accurate  to  within  0.01  per  cent,  using  Clark  cells  and 
resistances  of  zero  temperatures  coefficiei«t.  Results  of  the  com- 
parison of  two  lamps,  l  and  b,  are  given  in  Table  XI. 

1.  Lummer  and  Brodhun,  ZeiUehrift  f&r  Instrumentenkunde,  10,  119,  1890. 
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The  position  of  the  glow  lamp  ae  the  most  reliable  of  eecond- 
ary  BtandardB  may  be  regarded  ae  established.  He  who  seeks  to 
lue  it  ae  a  primary  standard,  will,  however,  have  to  face  a  number 
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of  difficaltiee.  One  of  the  chief  of  these  consiste  in  the  fact 
pointed  ont  some  yean  since  by  Erans',  that  treated  and  nn- 
treated  carbons  posBesa  very  different  properties.  Weber'  in  hi» 
paper  on  the  general  theory  of  the  glow  lamp  has  determined  the- 
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emissivity  of  the  two,  and  has  shown  that  they  are  to  be  re- 
garded as  distinct  varieties.    That  the  difference  between  the 

1.  ETans,  "  Proce«diugB  of  the  Rof&l  Society,"  188«. 
9.  Webtr,  Pt|«Kal  Snim,  vo).  ii.,  p.  US. 
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black  and  the  gray  surfaced  carbon  is  not  negligible  will  be  evident 
upon  inspection  of  the  curves  in  Fig.  24.  These  curves,  which 
have  been  derived  from  data  given  by  Weber,  give  the  relations 
between  eflSciency  and  temperature,  and  efficiency  and  candle 
power  respectively  in  the  case  of  lamps  with  treated  and  with 
untreated  filaments. 

One  of  the  members  of  your  committee^  has  shown  further 
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Fig.  25. 

that  the  energy  curves  of  the  spectra  of  lamps  with  bright  and 
with  black  filaments  are  far  from  being  identical. 

In  Fig.  25  two  such  energy  curves  are  presented.  It  will  be 
seen  that  the  curve  of  the  lamp  with  bright  filament  has  its  maxi- 
mum at  a  shorter  wave  length,  and  that  the  distribution  of  energy 
diil'ers  greatly  in  the  two  cases. 

1.  Nichols,  Phjfiieal  Review,  toI.  ii.,  p  260 
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Conclusion. 

It  is  evident  from  the  foregoing  summary  of  previous  photo- 
metric researches  and  from  the  report  of  the  work  of  this  com- 
mittee, that  of  all  standards  thus  far  used,  candles  are  the  least 
reliable.  It  is  also  evident  from  the  bolometric  curves  that  naked 
flames  are  subject  to  sudden  and  rapidly  recurring  fluctuations 
that  may  be  almost  entirely  eliminated  by  the  use  of  a  properly 
constructed  chimney. 

It  seems  likely  that  many  of  the  difficulties  which  are  unavoid- 
able with  flame  standards  may  be  overcome  by  the  adoption  of  a 
standard  consisting  of  some  surface  electrically  heated  to  a  stand- 
ard temperature. 

The  definition  of  the  degree  of  incandescence  of  such  a  surface 
appears  at  the  present  almost  insuperable,  but  the  committee 
is  at  work  upon  a  method  for  the  measurement  of  the  tempera- 
ture of  incandescent  carbon,  which  may  lead  to  results  looking 
towards  a  solution  of  the  problem. 

It  also  has  in  progress  experiments  looking  to  the  production 
of  a  light  standard  in  which  not  only  the  burning  material  but 
also  the  atmosphere  shall  be  of  known  and  definite  chemical  com- 
position. Liebenthal's  experiments  indicate  clearly  that  this  is  a 
necessary  condition  to  the  production  of  any  invariable  flame.  In 
the  preliminary  experiments  now  under  way,  a  flame  of  a  mix- 
ture of  two  parts  acetylene  to  one  part  hydrogen,  burns  in  a  cur- 
rent of  pure  oxygen,  all  the  gases  being  dry.  The  flame  produced 
by  these  means  is  of  dazzling  brilliancy,  its  color  being  compar- 
able to  that  of  the  lime  light.  No  accurate  measurements  of  its 
steadiness  or  reproducibility  have  yet  been  made. 

This  experiment  will  include  a  spectro-photometric  study  as 
well  as  an  investigation  of  the  range  of  fluctuation  to  which  it 
is  subject  under  different  conditions  of  combustion. 

Physical  Laboratory  of  Cornell  University,  May  1,  1896. 


Discussion. 

The  President  : — Gentlemen,  this  is  an  exceedingly  interest- 
ing subject,  and  a  very  difficult  one  to  deal  with.  In  the  last 
week  or  so  the  Institute  has  had  requests  from  several  outside 
sources  to  attempt  to  fix  a  standard  of  light.  It  is  a  matter  which 
the  Committee  has  taken  up  in  the  most  exhaustive  way,  and  any 
light  that  the  members  may  be  able  to  throw  upon  the  subject  in 
the  way  of  discussion  will  be  very  welcome. 
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Me.  J.  W.  Howell  : — I  have  some  knowledge  of  the  pressure 
which  is  being  brought  to  bear  upon  the  Institdte  urging  them 
to  establish  a  standard  of  light.  I  think  it  is  indeed  one  of  the 
most  inj  portant  subjects  that  has  been  brought  before  the  Institute 
in  a  long  time.  I  fully  appreciate  the  absolute  lack  uf  a  com- 
mercial standard  of  light,  and  I  know  that  because  scientific  men 
have  been  unable  to  refer  light  to  an  absolute  standard,  they  have 
been  very  loth  to  establish  any  ari)itrary  standard.  That  has  left 
us  in  a  condition  of  chaos,  you  might  say,  in  regard  to  light 
standards.  1  think  Dr.  Nichols'  paper  has  shown  the  condition 
of  affairs  very  well.  The  fact  that  there  are  half-a-dozen  differ- 
ent sources  of  light  accepted  by  people  as  standards  indicates  how 
badly  we  need  ons  standard.  Now,  what  we  need  is — not  an  ab- 
solute standard  of  light,  but  sometliing  which  is  reproducible. 
Of  course,  we  want  to  get  the  best  thing,  and  that  is  the  thing 
which  is  most  easily  reproducible.  I  think  the  Institute  should 
continue  the  work  of  this  Committee  until  they  are  well  enough 
satisfied  with  their  labors  to  issue  a  commercial  standard  ;  to  state 
what  is  in  their  opinion  the  best  available  standard  of  light  to-day, 
with  the  fullest  possible  description  of  wliat  it  is,  where  it  can  be 
obtained,  and  just  how  to  use  it.  If  that  is  issued  under  the  au- 
thority of  the  Institute,  I  think  it  will  undoubtedly  become  the 
commercial  standard  of  the  United  States.  In  my  experience 
with  incandescent  lamp  work,  the  absence  of  a  standard  has 
been  very  severely  felt,  and  the  standards  used  by  different 
people  are  so  various  that  there  is  no  agreement  between  them  at 
all.  I  agree  with  Dr.  Nichols  that  the  amyl  acetate  lamp  is  the 
best  that  is  known  to  day,  but  it  has  not  l)een  generally  adopted 
in  this  country.  The  amount  of  light  obtained  from  it  is  so  very 
small  that  that  is  a  considerable  objection.  liegarding  secondary 
standards,  we  always  used  an  incandescent  lamp.  I  think,  under 
proper  conditions  they  are  very  good  secondaiT  standards,  and 
will  retain  their  value  for  a  eonsideraWe  time.  I  will  be  glad  to 
furnish  Dr.  Nichols  with  all  the  assistance  I  can  in  this  respect, 
for  we  have  used  the  incandescent  lamp  as  a  secondary  standard 
for  a  number  of  years,  and  I  shall  be  glad  to  give  him  the  benefit 
of  my  experience. 

Dk.  Nichols: — The  only  form  of  amyl  acetate  lamp  which 
the  Committee  has  tried,  is  the  standard  form  furnished  tlie  mak- 
ers in  Germany.  The  great  difticulty  which  seems  to  exist  with 
that  lamp  is  the  redness  of  the  flame.  The  flame  is,  I  luight  say, 
of  a  ruddy  color,  and  there  is  a  very  considerable  color  difierence 
between  it  and  gas  even,  and  still  more  between  it  and  a  high 
efficiency  incandescent  lamp.  It  has  been  ^hown  by  the  very 
painstaking  investigations  of  certain  (.lerman  students  of  this 
subject,  that  the  atinosplieric  conditions,  unless  artificially  con- 
trolled, are  sufficient  to  produce  a  definite  fluctuation  in  those 
standards,  which  consist  of  a  naked  flame.  For  example,  the 
amyl  acetate  lamp  has  Ijeen  tested  at  frequent  intervals  for  two 
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or  three  years,  and  it  has  been  shown  to  vary  with  the  time  of 
year,  giving  more  light  in  certain  months  than  in  others.  These 
curves  of  fluctuation  vary  with  the  meteorological  conditions, 
especially  with  the  amount  of  moisture  in  the  atmosphere.  The 
variations  are  such  that  it  seems  as  though  we  must  abandon  the 
open  air  as  a  source  of  supply  for  flames  and  introduce  instead  of 
it  an  artificial  supply.  That  is  tlie  idea  which  the  Committee 
had  in  mind  in  the  lamp  which  I  have  outlined  on  the  black- 
board, in  which  the  hydro  carbon  should  be  entirely  enveloped  in 
an  artificial  atmosphere  of  constant  proportions,  and  thus  be  as 
far  as  possible  free  from  the  influence  of  meteorological  changes. 

Mr.  Cabl  Herino  : — I  would  like  to  ask  Dr.  Nichols  whetner 
he  has  tried  an  amyl  acetate  lamp  with  a  flat  flame  in  combina- 
tion with  a  Methven  screen.  It  seems  to  me  that  such  a  com- 
bination might  meet  some  of  the  objections  to  the  use  of  that 
lamp. 

Mr.  C.  p.  Steinmetz  : — I  have  been  very  much  interested  in 
the  work  done  by  the  Committee  with  the  acetylene  flame  as 
standard,  since  from  my  experience  with  acetylene  I  believe, 
that,  if  developed,  the  acetylene  lamp  would  give  an  ideal  stand- 
ard of  light,  due  to  the  ease  of  producing  acetylene  chemically 
pure,  and  the  white  color  of  the  light,  which  is  similar  to  that  of 
the  incandescent  and  the  arc  light,  and  thereby  more  convenient 
than  the  reddish  amyl  acetate  flame.  I  have  experimented  a 
little  with  acetylene  as  an  illuminant,  and  derived  the  best  re- 
sults with  small  flames,  by  having  the  gas  issue  at  a  low  pressure, 
of  1  or  2  centimetres  water  column,  through  the  hole  of  an  or- 
dinary blow-pipe.  This  gave  a  flame  of  something  like  4  to  5 
centimetres  hight,  of  intense  whiteness,  of  probably  sometliing 
like  25  candle  power  intensity. 

There  is  one  source  of  contamination,  however,  to  be  feared  in 
the  acetylene  when  derived  directly  from  calcium  carbide,  which 
while  immaterial  for  the  use  of  acetylene  as  ordinary  illuminant, 
would  be  objectionable  for  a  standard  of  light.  The  acetylene  is 
liable  to  contain  a  small  percentage  of  hydrogen,  which  even  in 
small  quantities  noticeably  reduces  the  intensity  of  light.  There- 
fore for  the  use  in  a  standard  lamp,  I  think  it  desirable  to  pro- 
duce the  acetylene  gas  from  liquid  acetylene,  which  is  necessarily 
free  from  hydrogen. 

[The  paper  by  Mr.  D.  McFarlan  Moore,  presented  A.pril  22d, 
was  then  taken  up  for  discussion;  see  page  b5.] 
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[Communication  by  Prof.  R.  A.  F£88enden  Received   After 

Adjournment.] 

I  do  not  think  any  one  can  read  this  report  without  feeling  an 
admiration  for  the  manner  in  which  the  writers  have  done  the 
work  they  set  out  to  do,  and  an  indebtedness  for  the  knowledge 
thq^  have  given  us. 

It  is  apparent  that  a  standard  must  have  the  following  prop- 
erties, amongst  others,  if  it  is  to  be  satisfactory. 

It  must  not  use  a  wick. 

It  must  not  be  much  affected  by  draughts. 

It  must  not  be  much  affected  by  moisture  or  by  change  of 
"barometer. 

It  must  burn  a  definite  chemical  compound. 

In  January,  1895,  I  notified  the  Chairman  of  the  Committee, 
Prof.  Houston,  that  I  was  working  upon  an  acetylene  standard, 
and  in  April  I  made  a  report  of  progress  which  was  printed  in 
the  June  TKAN8A.crioN8.^  I  regret  to  say  that  on  account  of 
pecuniary  difficulties  the  University  has  been  unable  to  contribute 
the  amount  promised,  and  work  has  hence  been  carried  on  but 
slowly.  At  that  time,  as  is  mentioned  in  the  report,  it  was  found 
that  the  most  suitable  pressure  was  12  inches,  and  that  the  fiat 
fiame  gave  the  best  results.  It  is  a  source  of  gratification  to 
know  that  M.  Violle,  as  a  result  of  his  experiments,  {L^ Elect, 
p.  76,  1896.)  has  also  found  a  pressure  of  30  cms.  and  a  fiat  fiame 
to  be  most  suitable,  so  that  this  point  may  be  considered  as 
decided. 

My  further  work  on  the  subject  has  been  devoted  to  ascertain- 
ing the  best  means  of  producing  the  fiat  fiame,  since  the  object 
aimed  at  is  the  production  of  a  standard  which  can  be  duplicated 
in  any  instrument  shop  by  any  physicist  in  the  same  manner  as  a 
Clark  cell.  The  most  obvious  plan  is  that  of  using  a  narrow  slot 
and  adjusting  the  edges  at  a  certain  distance  apart,  the  distance 
being  measured  by  interference  methods.  On  working  out  the 
pliu  in  detail,  however,  it  was  found  that  the  expansion  of  tlie 
materials  used  would  be  apt  to  introduce  errors  which  could  not 
be  neglected.  Moreover  the  method  would  be  difficult  and  ex- 
pensive. After  some  amount  of  experimenting,  the  method 
shown  in  the  drawing;'  in  which  two  jets  of  gas  from  two  cir- 
cular orifices  of  the  same  diameter  impinge  upon  each  other  at  an 
angle  of  90°,  thus  forming,  as  experiment  shows  a  very  evenly 
luminous  fiame,  was  finally  decided  upon,  for  the  following 
reasons. 

It  is  easily  shown,  by  very  simple  reasoning,  that  if  we  have  to 
make  an  orifice  of  a  certain  definite  area,  that  of  all  shapes,  the 
circular  one  is  that  in  which  a  given  amount  of  error  will  make 
the  least  amount  of  percentage  error.     Thus,  with  a  slot  one  inch 

1.  Transactions,  vol.  xii.,  p.  500. 

2.  In  the  Figure,  a  and  c  form  one  toroidal  chamber,  surrounding  B. 
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long  and  y^  inch  width,  an  error  of  xuVir  ^^^  would  make  tenr 
per  cent,  error  in  the  area,  while  if  the  orifice  were  circular  and 
of  equal  cross-section,  the  same  absolute  error  would  make  less 
than  two  per  cent,  of  diflference. 

Moreover  the  circle  is  of  all  forms  that  most  easily  made  ac- 
curately. With  a  long  reamer  having  but  slight  taper,  the 
diameter  can  be  produced  with  great  accuracy  by  noting  how 
far  the  reamer  has  been  introduced  into  the  hole  and  cal- 
culating from  the  taper.^  Moreover  in  case  of  wear,  the  tubes 
can  easily  be  swaged  down  slightly,  and  re-reamed.  The 
adjustment  is  easily  made  by  insertmg  needles  into  the  tubes  and 
moving  till  the  points  touch.  The  reservoir  below  the  jet  may 
be  kept  at  constant  temperature  as  in  the  writer's  benzol  standard,, 
and  tfie  air  supply  may  be  regulated,  as  suggested  by  the  writer. 


Fig.  1. — Space  b  filled  with  wire  gauze  to  prevent  wave  disturbances.    Pressure^ 
readings  taken  at  a  and  c.     d,  pipe  leading  to  acetylene  producer. 

(Report  to  Prof.  Houston,  Chairman  of  Committee,  Dec.  9,  1893, 
with  respect  to  the  Methven  standard.) 

Though  the  work  done  has  been  small,  two  important  phe- 
nomena have  been  noted  with  respect  to  the  acetylene  standard. 

First :  It  is  but  slightly  aflEected  by  draughts,  the  effect  being 
small  as  compared  with  that  on  other  standards.  This  is  no  doubt 
due  to  the  high  pressure  at  which  the  gas  is  burned,  i,  e,^ 
30.8  cms. 

Second:  The  effect  of  moist  air  is  much  less  than  that  with 
other  standards.  This  I  attribute  to  the  very  high  temperature 
of  the  acetylene  flame.      Since  also  the  amount  of  air  required  ta 

1.  A  drift  has  since  been  found  to  bo  better  than  a  reamer.     The  drift  pin  is 
measured  by  Dewer  and  Fleming's  optical  method. 
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produce  a  given  candle  power  is  only  about  seven  per  cent,  of 
that  required  with  ordinary  gas,  we  see  that  there  is  ample  reason 
why  the  acetylene  should  be,  as  my  observations  show  it  is,  much 
more  independent  of  atmospheric  conditions  than  other  standards. 

I  regret  that  at  present,  lack  of  facilities  has  prevented  my 
making  quantitative  measurements  of  this  gain,  but  it  will  be 
seen  from  tL.  ibove  considerations  that  there  is  good  reason  to 
believe  it  is  very  great. 

In  the  reports  forwarded  by  the  writer  to  the  Chairman  of  the 
Institute  Committee  during  the  years  1893-5  some  considerationa 
were  presented  which  were  omitted  in  the  condensed  report, 
owing  to  lack  of  space.  As  these  reports  have  not  been  published 
and  as  this  has  led,  in  at  least  one  case  to  an  unnecessary  repe- 
tition of  work  done  by  the  writer,  I  will  give  the  substance  here. 

With  the  exception  of  those  paragraphs  enclosed  in  brackets  I 
have  copied  the  reports  as  closely  as  possible. 

First :  It  is  not  necessary  or  even  desirable  that  we  should  have 
a  standard  of  light  accurate  to  within  more  than  ^  per  cent.  If 
we  had  it  we  could  not  use  it.  In  comparing  an  incandescent 
lamp  with  the  standard,  the  spectrum  distribution  would  be  dif- 
ferent, (unless  of  course  we  cliose  aft  incandescent  lamp  as  stan- 
dard, when  the  same  remarks  would  apply  to  other  sources.} 
Now,  Langley's  researches  (Trans.  Am,  Jour,  aSW^tic^,  Nov.  1888,) 
show  that  no  two  eyes  are  affected  in  the  same  ratio  over  all  parts 
of  the  spectrum,  and  that  apparently  young  people  are  more 
sensitive  to  blue  and  less  to  red  than  older.  Consequently  if  we 
have  two  sources,  a  and  b,  one  a,  a  rather  blue  light  and  b  rather 
red,  then  one  man  may  record  a  as  much  the  brighter  and  another 
observer  may  on  testing  find  for  his  vision  the  exact  opposite  to 
be  the  case.  If  these  differences  were  small  they  would  still  be 
important,  but  when  it  is  pointed  out  that  variations  of  50  per 
cent,  are  very  common  and  that  in  some  cases  estimates  differ  by 
1000  per  cent,  it  will  be  seen  that  any  great  accuracy  in  the  stan- 
dard is  simply  useless.  Of  three  observers  tested  by  Langley,  one 
was  most  sensitive  to  rays  of  wave  length  fi  =  .57,  one  to  those  of 
//  =  .52  and  one  to  those  of  //  =  .53  and  from  the  shape  of  the 
curves  given  it  is  seen  that  if  these  observers  had  to  compare  an 
arc  and  an  incandescent  lamp  they  would  have  arrived  at  quite 
discordant  results. 

It  would  seem  therefore  that  what  we  need  is : 

{a.)  A  Standard  of  Radiation, — The  standard  proposed  in 
my  report  (Oct.  30,  1893,  )is  a  copper  ball,  thick,  blackened, 
and  having  a  platinum  wire  wound  inside  it  of  such  resistance 
that  when  one  ampere  of  current  is  passing  through  the  resistance 
\rt  watts  should  be  radiated  from  the  ball.  Or,  as  an  alternative 
suggestion,  that  the  resistance  should  be  one  ohm.  I  consider  the 
latter  the  better. 

(J.)  A  Primary  Standard  of  Light, — This  to  be  the  light  effect 
of  one  watt  of  d  line  light.     This  to  be  taken  as  standard  and  the 
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spectrum  divided  into,  say,  five  parts  and  each  compared  with  the 
sodium  light,  (d.  line.)  The  mean  of  the  result  of  tests  on 
several  thousand  different  individuals,  of  all  ages,  to  be  taken  as  a 
provisional  optical  factor. 

Any  light  source  would  then  be  defined  as  follows,  for  example, 
12/ 1.2.4.3  2.,  as  regards  radiant  energy  in  the  visible  spectrum, 
meaning  thereby  that  the  total  energy  in  the  visible  spectrum 
was  12  watts,  of  which  one  watt  wae  in  the  first  section  of  the 
spectrum,  two  in  the  second,  etc.  By  multiplying  the  each  radia- 
tion term  by  its  corresponding  optical  factor,  derived  as  above, 
we  would  get  the  optical  effect,  as  it  would  be  for  the  average 
eye.  Represented  thus  3290/90—300—1600—800—500,  mean- 
ing that  tne  average  eye  would  see  the  source  as  possessing  a  total 
intensity  of  3290,  divided  into  90  units  in  the  first  section,  etc. 

It  is  evident  theft y  that  t/ie  accuracy  which  we  shaU  need  in 
any  general  standwrd  of  light  wiU  depend  upon  the  limits  of  the 
probiifjle  error  in  dettrmining  the  optical  coefficients  of  the  vari- 
ous wave  lengths.  In  view  of  the  facts  that  two  eyes  may  differ 
in  their  estimate  of  the  intensity  of  a  colored  source  compared 
with  sodium  light  by  as  much  as  fifty  per  cent.  I  believe  that 
under  no  circumstances  will  this  probable  error  be  less  than  ^  per 
cent.,  and  that  this  therefore  fixes  the  limit  of  desirable  accuracy. 
It  is  of  course  impossible  to  say  this  definitely,  as  we  have  not  at 
present  sufficient  experimental  data,  but  I  believe  I  am  on  the 
safe  side  in  my  estimate. 

{c.)  Having  then  a  unit  of  radiation,  easily  and  accurately  repro- 
dnceable  to  -j^  of  1  per  cent.,  and  a  unit  of  optical  effect  capable 
of  being  defined  equally  accurately,  and  a  set  of  approximate  op- 
tical effect  coefficients  we  need  now  a  set  of  secoiidary  standards 
for  practical  work.  I  have  suggested  the  Methven  flame  and  in- 
candescent lamps  as  such  standards.  (This  was  before  work  on 
the  acetylene  standard  was  begun.  This  would  take  the  place  of 
the  former  of  these  or  of  both.)  These  to  be  used  in  comparing 
other  sources  of  unlike  spectrum  distribution  by  the  use  of  tinted 
screens.  The  secondary  standards  to  be  compared  with  the  pri- 
mary standards  of  radiation  and  light. 

(The  advantiige  the  acetylene  standard  has,  according  to  the 
results  so  far  obtained  by  me,  lies  principally  in  the  fact  that  it 
can  be  set  up  anywhere,  as  a  Clark  cell  can,  without  resource 
iiaving  to  be  had  to  one  maker.  Its  less  liability  to  disturbance 
from  atmospheric  conditions  and  its  portability  are  also  valuable, 
but  I  regard  the  question  of  obtaining  a  greater  accuracy  than  \ 
per  cent,  by  its  means  to  be,  while  possible,  of  no  importance,  for 
the  reasons  given  above.) 

(In  the  reports  a  form  of  differential  thermometer  was  men- 
tioned as  being  used  for  comparison  of  radiations.  This  method 
has  since  been  used  by  Weber  and  Toepler,  but  I  have  in  later 
work  found  that  a  massive  prism  of  copper  having  two  thermo- 
couples placed  in  holes  bored  in   opposite  sides  of  the  copper 
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prismy  one  couple  exposed  to  the  standard,  the  other  to  the  source- 
to  be  measured,  is  better  for  my  purpose.  The  copper  prism  is 
rotatable  about  a  vertical  axis,  and  IS  slid  along  the  photometer  bar 
till  a  galvanometer  in  the  thermo  circuit  comes  to  zero.  On  ac- 
count of  the  importance  of  having  the  black  coating  of  the  radia- 
tion standard  and  bolometer  of  me  same  nature  and  thickness  it 
is  believed  that  Lummer  and  Kurlbaum's  method  of  blackening 
should  be  used,  as  referred  to  by  Messrs.  Nichols,  Sharp  and 
Matthews.) 

(It  is  obvious  that  if  the  sensation  of  light  could  be  definitely 

Sroven  to  consist  of  the  union  of  the  sensations  due  to  three 
ifferent  wave  lengths,  as  in  Maxwell's  theory,  it  would  only  be 
necessary  to  determine  the  optical  coefficients  for  these  three- 
wave  lengths  and  their  effect  in  modifying  one  another.) 


^  /tf/cv  pristnitd  at  tkt  ijtk  Central  Mtiting  of 
tk*  Amtrieam  institute  of  KUcirieai  Engineers^ 
New  Ycrk^  May  aoth  /So6.  President  Duncan 
in  the  Chair. 


AN  ANALYSIS  OF  TRANSFORMER  CURVES. 


BY    CHA8.    K.    HITGUET. 


One  of  the  most  noteworthy  features  of  Prof.  Ryan's  famous 
paper  on  "  Transformers,"  ^  before  this  Institute,  was  the  dis- 
tortion of  the  primary  current  curve  on  open  secondary.  This 
distortion,  Prof.  Ryan  ascribed  to  hysteresis,  and  tliis  opinion 
seems  to  have  been  held  by  Fleming^,  Steinmetz',  and  every 
other  writer  since  that  time,  with  tlie  single  exception  of  Prof. 
Rowland.* 

Dr.  Sumpner*  had  previously  shown  that,  assuming  liysteresis 
absent,  a  variation  in  the  value  of  //  will  superpose  on  the  sinoidal 
magnetizing  current  a  system  of  higher  harmonics,  causing  it  to 
become  a  symmetrically  peaked  curve.  Prof.  Rowland,  however, 
went  further,  and  declared  that  the  presence  of  the  distorting 
harmonics  is  due,  not  to  hysteresis,  but  to  change  in  permeability, 
the  effect  of  hysteresis  being  capable  of  representation  as  a  simple 
resistance.  However,  he  simply  expressed  this  theory  mathe- 
matically, without  giving  any  experimental  verification,  and  it  is 
doubtless  for  this  reason  that  the  results  of  his  paper  have  not 
been  accepted  in  their  entirety.  This  apparent  conflict  of  opinion 
seemed  to  warrant  further  investigation,  and  it  was  the  object  of 
experiments  conducted  by  the  writer  at  Tulane  University  in 
June,  1895,  to  throw  light  on  this  question  by  analyzing  the  cur- 
rent curve  into  its  various  components. 

1.  Ryan:  "Transformers";  Transactions,  vol.  vii.  p.  1. 

2.  Fleming:  * 'Alternate  Current  Transformer,"  vol.  ii.  p.  464. 

3.  Steinmetz:  '*0n  the  Law  of  Hysteresis  (Part  III)";  Transactions,  vol. 
xi,  pp.  781,  748. 

4.  Rowland:  "Notes  on  the  Theory  of  the  Transformer";  PhUoiophiccU 
Magazine,  vol.  84,  p.  64.    Also:  EUctrical  World,  July  9,  1892. 

6.  Sumpner:  PhUo^ophieal  Mdgasine,  June,  1888,  p.  468. 
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The  low-tension  coil  of  a  40-li(i;lit  Fort  Wayne  transformer  was 
OBed  ae  primary,  and  a  run  made  at  100  volts  and  140  '^.  The 
method  employed  in  the  measnrement  of  the  instantaneous 
values  was  essentially  similar  to  the  telephone  method  described 
by  Nichols',  a  galvanometer  being  substituted  for  the  telephone. 
A  run  was  also  made  at  50  volts  and  70  -^,  and  the  determina- 
tion of  the  wiitts  lost  imder  these  conditions,  as  well  as  under  the 
preceding  ones,  enabled  us  to  discriminate  the  eddy  from  the 
hysteresis  losses  in  the  usual  manner'.  In  this  case  the  total  loss 
at  100  volts  and  140  ■>-'  was  55  watts,  of  which  20,7  watts  were 
due  to  eddies,  and  34.3  watte  to  hysteresis.     If  we  divide  the 
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watts  lost  by  eddies  by  the  e  h.  f.  applied,  we  shall  obtain  the 
effective  current  due  to  eddies,  and  the  ratio  of  this  to  the  afore- 
said K.  M.  F.  is  the  conductance  due  to  eddies. 

If  the  instantaneous  values  of  b.  m.  p.  be  mnltlplied  by  this 
conductance,  and  the  resulting  eddy  current  curve  be  substracted 
from  the  original  current  curve  (o,  Fig.  1),  the  remainder  will 
be  the  liysteresiB  curve  (J),  i.  e.,  the  curve  that  would  be  derived 
from  the  hysteresis  loop.  If  in  the  same  way  we  determine  the 
condnctauce  due  to  both  eddies  and  hysteresis,  i.  e.,  if  we  repre- 

1,  Nichols:  "  Laboratory  Mftnoal,"  toI.  iL,  p.  182. 

2.  Steinmetx:  "  On  the  Law  of  Hysteresis";  TaAtrsAcrioKS,  vol.  iz.,  p.  00. 
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Bent  the  hysteretic  lose  aa  one  due  to  a  eimple  conetsnt  reaistance, 
and  Bubstract  tlie  effective  current  curve  thos  determined,  from 
the  original  current  a,  the  remainder  c  will  he  a  true  wattless 
current,  since  the  curve  aubstracted  itself  accounts  for  the  watts 
lost.  In  Fig,  Ijthifl  wattless  remainder  le  very  fairly  symmetrical 
with  respect  to  the  flux  curve  m,  and  ie  of  the  peaked  character 
to  he  expected  with  permeability  variable  and  hysteresis  absent. 
A  similar  treatment  of  Prof.  Ryan's  curve '  yielded  a  wattless  re- 
mainder {c.  Fig.  2),  of  similar  character.  These  results  seemed 
to  verify  f*rof.  Rowland's  theory,  at  least  approximately. 
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But  equally  strong  proof  is  afforded  by  Figs.  7,  8,  9,  10  in 
Steinmetz  "  On  the  Law  of  Hysteresis  (Part  III.)'V  for  here  the 
subtraction  from  the  original  wave,  of  its  equivalent  sine  wave, 
leaves  a  wattless  higher  harmonic,  in  each  case  very  nearly  sym- 
metrical with  respect  to  the  maximum  magnetization.  Hence 
these  higher  harmonics  must  be  due  almost  entirely  to  variation 
in  permeability,  since  hysteresis  is  essentially  uusymmetrical  with 
respect  to  the  magnetization.     It  is  worthy  of  note  that  in  Fig. 

1.  Rjan:  ■"Traiisformers  "  ;  TaiNBAOTioBB,  vol.  vii.,  p.  1. 

2.  TuN&icnoHa  ;  vol.  xi.,  pp.  718,  71&. 
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10,  in  whioh  the  original  current  is  most  distorted,  the  wattless 
higher  harmonic  is  most  nearly  symmetrical. 

The  state  of  the  case  seems  to  be,  briefly,  this :  A  variable 
value  of  //  will  superpose  upon  the  wattless  sinoidal  magnetizing 
current  a  symmetrical  system  of  higher  odd  harmonics,  which, 
since  they  are  symmetrical  with  respect  to  the  zero  of  e.  m.  f., 
will  also  be  wattless,  and  the  resultant  magnetizing  current  will 
be  a  wattless  peaked  current.  If  now  the  transformer  be  heavily 
loaded,  the  sinoidal  energy-current  will  completely  hide  the  mag- 
netizing current  both  in  shape  and  phase.  If,  however,  the 
energy-current  be  comparatively  small,  we  will  have  a  current 
resultant  from  a  sinoidal  current  in  phase  with  the  e.  m.  f.,  and 
a  peaked  current  90  degrees  behind  it,  and  tending  to  unduly 
*'  boost "  the  latter  half  of  the  energy-current.  Hence  the  dis- 
symmetry is  due  simply  to  the  conflict  between  the  sine  current  in 
phase  and  the  peaked  current  90  degrees  behind.  If  either  com- 
ponent be  very  large,  comparatively,  the  resultant  will  tend  to 
become  symmetrical,  in  the  one  ease  a  sine,  in  the  other  a  peaked 
curve.  The  sinoidal  energy-current  may  be  due  to  eddies,  hys- 
teresis, or  secondary  load,  the  effect  will  be  the  same. 

Curves  a,  i,  e,  Fig.  1,  show  very  clearly  the  effect  of  the  suc- 
cessive elimination  from  the  original  current  curve  of  the  sinoidal 
energy-components,  due  respectively  to  eddies  and  the  hysteretic 
loss. 

If  we  take  a  hysteresis  loop,  plot  a  sinoidal  flux  curve  with  the 
same  maximum,  and  then,  at  each  successive  epoch,  plot  the  cur 
rent  value  corresponding  in  the  loop  to  the  flux  value  at  that 
epoch,  we  shall  thus  obtain  the  magnetizing  current  curve.  This 
method  was  first  used  by  Humphrey  and  Powell  *  and  has  been 
employed  by  numerous  later  writers. 

If,  however,  at  each  epoch,  we  plot  a  current  value,  the  mean 
of  those  given  by  the  loop  for  rising  and  descending  magnetiza- 
tion, we  shall  thus  obtain  the  wattless  magnetizing  current.  This 
curve  is  essentially  symmetrical  with  respect  to  the  flux  curve, 
snd  consequently,  as  stated,  wattless. 

If  this  wattless  magnetizing  current  be  substracted  from  the 
original  current,  the  remainder  will  be  the  hysteretic  current 
curve,  or^  what  is  the  same  thing,  we  may  plot  at  each  epoch  the 
half-width  of  the  loop  at  the  corresponding  flux.     A  curve 

1.  Humphrey  and  Powell :  *'The  Efficiency  of  Transformers"  ;  Travsac- 
TTOjrs,  vol  TIL,  p.  811.    Also  Electrical  Engineer,  vol.  x.,  1890,  p.  16. 
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plotted  between  the  flux  and  tlie  corresponding  half-width  of  the 
loop  may  be  called  a  hyateretic  characterietic. 

Fig.  3  gives  a  set  of  half-loops  from  Ring  III.  in  Ewing  and 
KlaasBen  on  the  "  Magnetic  Qualities  of  Iron," '  with  the  coires- 
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ponding  hyBteretic  characteristics,  plotted  with  their  maxima  to- 
gether for  convenience  of  comparison. 

Figs.  4,  5,  6  give  the  magnetizing  current  curves  for  sinoidal 
flnxenrves,  for  ^n^,  1360,  3720,  and  5830, respectively,  derived 
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from  these  loops  in  the  manner  above  described,  with  additional 
cnrvea  derived  by  analysis  of  the  first.     In  each  tignre,  a  is  the 

/.  Ewiag  ood  Klowsen  :  "  Ungnetic  Qiuliti 
Avai  Seeing,  rol.  184  (1898),  p.  »8. 
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original  magnetizing  current  curve,  h  the  wattless  magnetizing 
current,  V  its  equivalent  sine,  which  represents  the  flux  curve  in 
shape  and  phase,  c  the  hysteretic  current,  and  <?'  its  equivalent 
sine. 

The  half-width  of  the  loop  is  zero  for  maximum  flux,  and  for 
any  flux  has  the  same  value,  but  opposite  sign  for  increasing  and 
decreasing  magnetization.  Hence  the  hysteretic  current  has  the 
same  zeros  as  the  e.  m.  f.  curve,  and  is  essentially  symmetrical 
with  respect  to  it,  consequently  essentially  in  phase,  but  it  re- 
mains to  determine  the  conditions  under  which  it  also  has  the 
sinoidal  form. 

In  Fig.  5,  for  iffmsx.  =  3720,  c  lies  very  close  to  <?',  having,  in- 
deed, the  same  maximum. 


Fio.  6.--B  =  5830. 

In  Fig.  4,  for  the  lower  range,  1360,  the  approximation  is  very 
close,  but  0  is  slightly  more  pointed  than  the  sine. 

In  Fig.  6,  for  the  higher  range  5830,  the  approximation  is  not 
quite  so  close,  but  c  is  more  Jf^attened  than  the  sine. 

These  approximations  are  quite  close,  but  it  is  easy  to  deter- 
mine the  exact  form  of  hysteretic  characteristic  necessary  for  a 
sinoidal  hysteretic  current,  when  the  flux  curve  is  sinoidal. 

Let  jF  and  M  (Fig.  7.)  be  sinoidal  e.  m.  f.  and  flux  curves,  re- 
spectively, drawn  to  same  size  for  convenience.  Assume  the  hys- 

'E 

teretic  current  due  to  a  simple  resistance,  i,  e.j  II  =i  -^  (instant- 

aneous  velues.)  Then  plot  a  curve  between  the  flux  value  at 
each  successive  epoch  and  the  hypothetical  hysteretic  current  at 
that  epoch. 
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A  hysteretic  characteristic  of  the  form  thus  determined  will 
obviously  satisfy  the  conditions. 

This  curve  is  the  quadrant  of  an  ellipse. 

For  E^  +  M^  =  A\    where  A  =  JE^^,   =    M^^,     But 

//  =    -^  by  assumption,  whence  IP  J?'  +  ^'  =  ^*»  which  is 

an  ellipse,  II  and  JU  being  the  variables. 

For  our  purposes  the  quadrant  tells  the  whole  story,  so  that 
we  may  say  that  the  assumption,  for  sinoidal  e.  m.  f.,  of  hysteresis 
as  due  to  a  simple  resistance,  is  absolutely  correct  when  the  hys- 
teretic characteristic  is  a  quadrant  of  an  ellipse. 

If  we  compare  this  ideal  curve  with  the  hysteretic  character- 
istics for  the  ranges  used  in  Figs.  4,  5,  6,  plotting  each  character- 
istic to  a  horizontal  scale  proportional  to  the  virtual  value  of  its 
hysteretic  current,  as  indicated  by  its  equivalent  sine,  we  see  the 
same  manner  and  degree  of  approximation  as  in  the  cyclic  curves. 
The  ellipse  is  intersected  by  horizontal  bars  indicating  the  suc- 
cessive epochs  in  the  cyclic  curve,  and  by  reference  to  these  it  is 
seen  that  each  characteristic  intersects  the  ellipse  at  a  point  cor- 
responding exactly  to  the  intersection  of  the  cyclic  hysteretic 
current  by  its  equivalent  sine,  and  that  the  relationship  is  in  every 
respect  identical. 

A  glance  at  the  hysteretic  characteristics  in  Fig.  3  shows  that 
for  ranges  higher  than  5880,  the  hysteretic  current  curve  will  not 
only  l)e  more  flattened,  but  actually  depressed  in  the  middle. 
But  while  the  increased  distortion  of  the  hvsteretic  current  will 
introduce  higher  harmonics,  yet  the  rapid  diminution  in  the 
permeability  on  approaching  saturation  will  introduce  them  much 
more  rapidly  with  increase  of  the  range,  so  that  the  distorting 
influence  of  the  hysteretic  current  will  be  comparatively  slight 
even  at  the  higher  ranges.  At  the  highest  ranges,  as  the  one 
given  by  Steinmetz\  mentioned  above,  £  =  16,000  the  inor- 
dinate peak  of  the  wattless  magnetizing  current  throws  into  ob- 
livion higher  harmonics  from  any  other  source. 

To  conclude :  for  sinoidal  e.  m.  f.; 

(1)  Hysteresis  may  in  all  respects  be  replaced  by  a  constant 
resistance  if  the  hysteretic  characteristic  be  the  quadrant  of  an 
ellipse. 

(2)  This  condition  is  approximately  satisfied  for  moderate 
ranges  of  magnetization  (such  as  are  used  in  practice),  in  reason- 

1.  Transactions,  vol.  xi.,  p.  719. 
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ably  good  iron,  and  the  higher  harmonics  are  negligible.  There 
will  usually  be  a  particular  range  that  will  give  a  nearly  perfect 
approximation.  On  contraction  of  the  range,  the  hysteretic  cur- 
rent becomes  more  pointed  than  the  sine,  and  on  expansion  be- 
yond the  critical  range,  more  flattened  than  the  sine. 

(3)  The  increased  distortion  of  the  hysteretic  current  for  higher 
ranges  will  cause  an  increase  in  the  higher  harmonics,  but  the 
rapid  diminution  in  the  permeability  on  approaching  saturation 
will  cause  a  much  greater  increase  in  these  harmonics,  so  that 
even  at  higher  ranges  the  distorting  influence  of  hysteresis  is 
comparatively  slight. 

As  a  final  conclusion,  then,  we  may  say  that  Prof.  Rowland's 
hypothesis  that  the  higher  harmonics  in  the  transformer  for 
sinoidal  e.  m.  r.  are  due,  not  to  hysteresis,  but  to  variation  in 
permeability,  and  that  the  effect  of  hysteresis  may  be  represented 
by  a  constant  resistance,  is  approximately  correct,  for  reasonably 
good  iron,  is  very  nearly  correct  for  the  moderate  ranges  used  in 
practice,  and  may,  under  certain  conditions,  be  absolutely  correct. 

A  study  of  hysteretic  characteristics  would  no  doubt  shed  some 
light  on  the  phenomena  of  magnetism,  but  it  is  beyond  the  scope 
of  this  paper. 

Discussion. 

Mb.  a.  E.  Kennelly: — It  seems  to  me  that  this  paper  is 
capable  of  having  its  principal  result  summed  up  in  compara- 
tively few  words.  If  the  hysteresis  cyclic  diagram  or  loop  in 
the  case  of  iron  enclosed  no  area,  but  consisted  of  a  pair  of  lines 
immediately  side  by  side,  there  would  be  no  energy  required  to 
magnetize  the  iron,  and  the  permeability  of  the  iron  would 
simply  change  as  the  magnetism  altered.  There  would  then  be 
harmonics  in  the  current  wave  curves,  but  there  would  be  no 
dissipation  of  energv  in  the  iron.  The  paper  says  that  if  you 
take  the  energy  which  is  due  both  to  hysteresis  and  to  eddies, 
and  suppose  that  the  energy  is  expended  just  as  in  a  resistance, 
that  is  by  a  current  in  phase  with  the  electromotive  force — if  you 
could  imagine  that  current  to  exist — and  then  subtract  that  cur- 
rent from  the  current  actually  observed,  you  will  find  a  nearly 
^mmetrical  curve  at  right  angles  to  the  electromotive  force. 
That  is  a  question  which  does  not  conflict,  it  seems  to  me,  with 
the  existing  theory  of  hysteresis  in  transformers. 

Dr.  Nichols  : — I  regret  that  Prof,  liyan  is  not  present  to-day, 
as  I  am  sure  he  would  oe  very  much  interested  in  this  paper.  I 
hope  we  shall  have  the  privilege  of  hearing  from  Mr.  Steinmetz, 
who  has  contributed  so  much  to  our  knowledge  of  this  subject. 
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Mb.  Steinmetz  : — While  I  would  like  to  add  a  few  remarks,  I 
must  first  express  my  pleasure  to  have  listened  again  to  a  paper, 
which  will  not  be  superseded  and  worthless  in  a  year  or  two,  as 
other  papers  read  here  have  become. 

The  paper  first  discusses  the  question,  whether  hysteresis  or 
permeability  is  the  cause  of  the  distortion  of  wave  shape  in  trans- 
formers. I  do  not  think  there  is  really  any  diflEerence  in  the  ex- 
planation of  the  phenomenon  by  hysteresis  or  by  varying  perme- 
ability. Hysteresis,  according  to  the  derivation  of  the  word, 
means  the  discrepancy  between  magnetizing  force  and  magnetism, 
consisting  in  a  lag  of  the  latter  behind  the  former.  Thus  hyster- 
esis presupposes  or  rather  represents  an  unsymmetrically  varying 
permeability,  and  thus  a  distortion  of  the  wave  shape  due  to 
nysteresis  is  nothing  but  a  particular  case  of  the  distortion  due  to 
varying  permeability.  In  my  third  paper  on  the  "Law  of 
Hysteresis,"  I  have  shown  a  number  of  instances  of  distortion  of 
the  current  wave,  independent  of  hysteresis,  by  varying  perme- 
ability, or  rather  permeance,  in  the  case  of  a  magnetic  circuit  of 
periodically  varying  reluctance.  Further  on,  the  paper  attempts 
to  separate  the  effect  of  varying  permeability  into  two  compo- 
nents, one,  the  energy  component,  representing  the  molecular 
magnetic  friction;  the  other,  the  wattless  magnetizing  com- 
ponent. 

In  my  third  paper  on  "  Hysteresis,"  I  have  discussed  and  car- 
ried through  this  separation  analytically,  by  the  introduction  of 
the  "  effective  "  or  hysteretic  resistance.  I  have,  however,  oper- 
ated all  the  way  through  with  the  equivalent  sine  wave  irrespec- 
tive of  the  real  wave  shape.  In  this  respect  this  paper  offers  an 
essential  step  in  advance,  by  dissolving  the  real  or  observed  cur- 
rent wave  into  two  components,  the  energy  and  the  wattless  com- 
ponent, and  showing  that  the  energy  component  is  practically  a 
sine  wave,  and  that  the  distortion  observed  in  the  total  wave  is 
due  essentially  to  the  magnetizing  component.  This  is  eminently 
interesting,  since  it  proves  the  permissibility  of  representing  the 
loss  by  molecular  magnetic  friction  by  a  constant  quantity,  an 
effective  resistance  or  effective  conductance. 

One  assumption,  however,  is  made  in  the  derivation  of  these 
results,  which  may  be  taken  exception  to.  In  the  hysteretic 
cycle,  the  two  values  of  k.  m.  f.  corresponding  to  the  same  mag- 
netization are  averaged,  and  this  average  curve  used  as  the 
magnetization  curve  in  plotting  the  magnetizing  current,  while 
the  difference  between  this  curve  and  the  hysteretic  loop  is  used 
for  plotting  the  hysteretic  energy  current.  This  difference,  or 
the  hysteretic  characteristic,  is  found  to  be  approximately  the 
quadrant  of  an  ellipsis. 

In  Fi^.  1  is  shown  the  hysteretic  loop  corresponding  to  the 
curves  snown  as  Fig.  6  in  my  paper  on  "  Hysteresis,"  part  3, 
plotted  in  percentages  of  the  maximum  value,  f- — m  denotes  the 
nysteretic   loop,  o  the   magnetizing  curve  or  curve  of  average 
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M.  M.  F.  as  used  by  Mr.  Huguet,  and  h  denotes  the  hysteretic 
characteristic. 

There  is  no  inherent  reason  why  the  average  m.  m.  f.  should  be 
used  as  magnetizing  curve,  and  not,  for  instance,  the  magnetiza- 
tion curve  derived  by  plotting  the  average  of  the  two  values  of 
magnetism  corresponding  to  the  same  m.  m.  f.,  as  shown  by  v  in 
Fig.  1,  or  directly  the  observed  niagnetization  curve  a,  as  derived 
by  electro-dynamometer  tests  or  ballistic  galvanometer  and  the 
method  or  reversals.  Using  the  curve  a  for  deriving  the  wave 
of  magnetizing  current,  we  would  get  the  curve  a  in  Fig.  2,  which 
passes  steeply  through  the  zero  point,  and  in  general  shows  a 
distortion  just  opposite  to  that  of  the  curve  o,  used  by  the  writer ; 
and  thus  the  curve  a  would  not  make  the  energy  component  of 
current  h  a  sine  wave,  as  shown  in  Fig.  2. 

In  favor  of  the  assumption  made  by  the  writer  is,  however,  a 
feature,  to  which  1  drew  attention  some  time  ago,  namely,  that 
the  initial  inward  bend  of  the  observed  magnetic  hysteretic  a  in 
Fig.  1  is  probably  an  effect  of  molecular  magnetic  friction,  while 
the  true  magnetic  characteristic  of  the  material  in  the  absence  of 
hysteresis  is  a  curve  similar  in  shape  to  the  curve  o,  and  very 
Closely  resembles  the  arc  of  a  hyperbola,  as  shown  by  Mr. 
Kennelly  in  his  paper  on  ^'  lieluctance."  When  observed  under 
conditions  where  hysteresis  is  absent,  that  is,  where  the  energy 
consumed  by  molecular  magnetic  friction  is  supplied  by  some 
outside  source,  as  for  instance  an  alternating  current  passing 
lengthways  through  the  magnetic  circuit,  the  hysteretic  loop 
collapses,  and  the  rising  and  decreasing  magnetic  characteristics 
coincide  in  the  hyperbola.  If  no  energy  is  supplied  from  the 
outside,  the  magnetization  curve  at  low  density  cannot  follow 
this  curve,  since  the  loss  of  energy  by  molecular  magnetic  fric- 
tion when  rising  on  this  curve  would  be  in  excess  to  the  total 
amount  of  energy  supplied  to  the  magnetic  circuit. 

That  is : 

-\-Bo 
-Bo 

where  B^  =  maximum  magnetization, 
B   =  magnetization, 

x^        ——    Al.   Jn.   *., 

jj  =  coefficient  of  hysteresis. 
It  would  be  of  interest  to  investigate  this  tield  experimentally, 
and  it  could  be  done  probably  by  winding  the  core  of  a  magnetic 
circuit  with  very  fine  insulated  iron  wire,  send  an  alternating- 
current  of  high  frequency  through  this  wire,  and  then  determine 
the  magnetizing  current  curve  of  a  coil  6urn»unding  the  magnetic 
circuit,  by  the  instantaneous  contact  method,  and  an  alternating- 
current  low  in  frequency  compared  with  the  alternating  length 
current  in  the  iron  of  the  magnetic  circuit. 
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If,  as  it  appears  from  this  paper,  tlie  hjsteretic  characteristic 
is  the  arc  ox  an  ellipsis,  while  the  true  magnetization  curve  is  the 
arc  of  a  hyperbola,  the  hysteretic  loop  could  be  represented  ana- 
lytically by  the  product  of  two  quartic  curves,  a  result  which  is 
verv  interesting. 

As  you  see,  this  paper  offers  quite  a  number  of  points  of 
theoretical  and  practical  interest  and  an  ample  field  for  further 
investigation,  and  I  am  therefore  very  glaa  that  it  has  been  se- 
cured for  the  Institute. 

Mb.  Hugcet  : — In  regard  to  the  similarity  of  hysteresis  and 
variation  of  permeability,  I  cannot  quite  agree  with  Mr.  Stein- 
metz.  If  we  consider  the  value  of  //  in  a  loop  as  being  depend- 
ent on  the  ratio  of  the  flux  to  the  magnetizing  current,  then  fx 
would  be  zero  at  a  and  a",  infinite  at  &,  and  negative  from  b  to  a'y 


Fio.  8. 
all  of  which  we  know  to  be  impossible.  As  a  matter  of  fact,  ft 
should  be  derived  from  a  curve  passing  through  zero  and  every- 
where intermediate  between  the  rising  and  descending  limbs* 
Such  a  curve  answers  all  requirements.  This  assumption  is,  in 
fact,  always  made,  for  curves  of  ft  are  always  single-valued,  and 
hysteresis  is  either  neglected  or  actually  eliminated  by  vibration 
or  otherwise.  If  hysteresis  is  present,  as  in  a  loop,  the  magnet- 
izing current  at  any  flux  is  then  not  simply  the  current  required 
by  tlie  value  of  fi  at  that  flux,  but  it  is  necessary  to  add  the 
hysteretie  current.  This  hysteretic  current  is  in  absolute  value  a 
function  of  the  flux,  the  relationship  being  expressed  by  the 
hysteretie  characteristic,  and  its  sign  is  determined  by  the  direc- 
tion of  change  of  the  flux,  positive  for  the  rising  limb,  and  nega- 
tive for  the  descending.    [See  Fig.  8.] 
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Mr.  C.  T.  Rittenhouse: — I  think  that  Prof .  Ewing,  in  a  paper 

g resented  before  the  International  Electrical  Congress,  held  at 
hieago  in  1893,  made  the  statement  that  a  distinction  mnst  be 
drawn  between  the  permeable  and  hysteretic  qualities  of  iron, 
since  specimens  showing  good  permeable  qualities  need  not  neces- 
sarily possess  good  hysteretic  qualities.  Mr.  Huguet  has  made 
Proi.  Kowland  the  smgle  exception  to  the  theory  that  upper 
harmonics  are  due  to  hysteresis.  In  1894,  at  the  Philadclpnia 
meeting  of  the  Institute,  if  I  am  not  mistaken,  it  was  this  very 

Joint  which  was  the  subject  of  animated  discussion  between  Dr. 
*upin  and  Mr.  Steinmetz,  and  although  Dr.  Pupin  did  not  ex- 
plam  at  that  time  the  real  cause  for  upper  harmonics,  he  laid 
particular  stress  upon  the  fact  that  his  experiments  showed  that 
upper  harmonics  could  not  be  due  to  hysteresis.  In  reference  to 
this  paper,  I  would  like  to  state  that  we  always  hear  of  closed 
ferro-magnetic  circuit  transformers,  and  yet  I  doubt  if  there  ex- 
ists in  commercial  practice  at  the  present  time  many  of  this  type. 
In  testing  such,  it  will  be  found  that  there  is  a  distinct  difference 
between  them  and  the  opeii  core  type  with  which  we  are  more 
familiar.  If  we  plot  the  curve  relation  between  the  frequency 
and  magnetic  induction,  using  the  frequency  as  abscissa  and  the 
induction  as  ordinates,  it  will  be  found  that  there  is  a  decided 
drooping  of  the  curve  as  the  frequency  infcreases.  This  action,  I 
think,  cannot  be  entirely  explained  by  the  eddy  current  theory, 
if  we  mean  by  this  the  counter-magneto-motive  force  set  up  in 
the  iron,  due  to  eddy  currents.  Starting  with  this  as  a  basis  and 
expressing  the  generalized  form  of  Ohm's  law  as  a  differential 
equation,  it  will  be  found  that  the  solution  of  this  equation  does 
not  satisfy  the  curves  experimentally  found.  If  now  even  an 
exceedingly  narrow  slit  is  cut  in  the  iron,  even  as  small  as  .001 
of  an  inch,  the  drooping  of  the  curves  immediately  disappears 
and  the  relation  becomes  linear.  The  explanation  of  this  is 
doubtless  due  to  the  fact  that  there  exists  in  the  absolutely  closed 
core  an  arrangement  of  the  molecules  of  the  iron  in  the  form  of 
closed  chains,  and  owing  to  the  reluctance  with  which  these 
chains  are  broken  up,  a  considerable  demagnetizing  force  is  re- 
quired before  a  change  is  effected  when  suddenly  the  chain  is 
ruptured  and  oscillations  appear  to  be  set  up,  which  produce  dis- 
tortions in  the  current  wave.  If  this  hypothesis  be  true,  and  ex- 
periment seems  to  warrant  its  assumption,  it  would  indicate  that 
not  only  hysteresis  is  to  be  excluded  as  a  cause  of  harmonics,  but 
under  certain  conditions,  permeability  also. 

Mr.  C.  a.  Adams,  Jr.: — There  is  one  transformer  which  was 
manufactured  a  few  years  ago  by  the  Brush  Electric  Company, 
of  Cleveland,  of  whicn  the  magnetic  circuit  is  completely  closed. 
The  core  punchings  were  in  disk  form,  similar  to  tnose  for  arma- 
ture cores,  and  the  winding  was  done  entirely  by  hand. 

Mr.  Ries  : — I  would  state  that  a*closed  magnetic  circuit  was 
used  in  the  Ries  regulating  socket — not  as  a  converter  particularly, 
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but  as  a  reaction  coil,  although  I  have  also  successfully  used  the 
same  construction  for  converters.  The  coil  was  wound  by  hand, 
and  in  order  to  facilitate  the  winding,  the  coil  was  in  the  form 
of  a  cable  containing  a  number  of  separate  wires. 

Mr.  Rittenhouse  : — Experiment  shows  that  the  magnetizing 
current  for  the  closed  core  type  is  much  reduced  as  compared 
with  the  type  having  a  butt  joint.  This  naturally  follows  from 
the  fact  that  the  reciprocal  of  the  reluctance  is  directly  propor- 
tional to  the  power  factor.  It  would  seem,  therefore,  that  the 
small  closed  ferro-magnetic  circuit  transformer,  although  more 
expensive  to  construct,  might  possess  qualities  deserving  some 
commercial  consideration. 

Mr.  C.  a.  Adams,  Jr.  : — From  experiments  on  butt  joint  trans- 
formers, I  have  found  that  the  magneto-motive  force  required 
for  the  joints  is  about  five  per  cent,  of  the  total,  in  a  transformer 
of  fair  size  with  carefully  made  joints.  This  percentage  is  con- 
siderably reduced  by  lapping  the  plates  at  the  joints,  so  that  the 
gain  in  efficiency  by  using  completely  closed  magnetic  circuits  is 
readily  seen  to  be  extremely  small  and  not  at  all  sufficient  to 
warrant  the  extra  expense  of  winding  the  transformer  with 
closed  magnetic  circuit. 

Mr.  Scott  : — It  seems  to  me  that  the  transformers  made  with 
lap  joint  magnetic  circuit,  approach  very  close  to  the  absolutely 
closed  magnetic  circuit.  If  two  plates  of  iron  be  brought  to- 
gether witli  a  butt  joint,  then  the  area  between  the  two  is  equi- 
valent to  the  cross-section  of  the  plate.  If  the  plate  be  lOOth  of 
an  inch  in  thickness,  this  may  be  a  very  small  area  If  the  plates 
lap  for  an  inch,  the  cross-section  of  the  air-gap  is  a  hundred  times 
as  great.  I  agree  that  there  is  a  marked  theoretical  difference 
between  open  circuit  transformers  and  closed  circuit  trans- 
former. I  also  think  that  there  is  a  corresponding  difference  in 
the  practical  operation  of  the  two  kinds  of  transformers. 

Mr.  Kies  : — In  reference  to  the  lapped  joints  of  closed  cir- 
cuiti*,  while  it  is  true  that  lapped  joint  transformers  are  much 
better  in  general  than  the  open  coil  or  butted  joints,  yet  on  the 
other  band,  from  a  mechanical  point  of  view,  the  construction 
becomes  more  difficult  and  the  space  occupied  after  assembling 
the  parts  is  very  much  larger  than  in  the  case  of  closed  plates  or 
rings  which  are  cut  out  of  the  solid  sheet  metal  and  placed  closely 
together.  In  that  way  you  get  a  better  and  more  efficient  type 
for  a  given  size  and  weight.  I  have  come  to  the  conclusion  from 
numerous  experiments  that  I  have  conducted,  that  that  type,, 
where  it  can  be  used,  is  by  far  the  best. 

Mr.  Rittenhouse  : — The  reason  I  brought  up  the  question  of 
closed  and  open  ferromagnetic  circuits  was  not  with  any  inten- 
tion of  advocating  the  use  of  the  former  type  of  transformer,  but 
for  the  purpose  of  pointing  out  that  Mr.  Huguet  had  not  con- 
clusively shown  that  the  cause  of  upper  harmonics  was  in  all 
cases  to  be  attributed  to  variable  permeability. 

[Recess  until  2  p.  m.] 
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EFFECT  OF  TEMPERATURE  ON  INSULATING 

MATERIALS. 


BY  GEO.  F.  SKVER,  A.  MONELL  AND  C.  L.  PKRRV. 


In  designing  electrical  apparatus,  it  is  often  of  the  greatest 
importance  to  know  the  effect  of  different  temperatures  on  the 
insulation  to  be  used  in  its  construction. 

Of  the  many  kinds  of  insulation,  a  few  of  the  most  common 
were  chosen,  i.  ^.,  paper,  cloth,  oiled  paper  and  oiled  cloth,  and 
the  following  conclusions  have  been  drawn  from  the  result  of  102 
tests  on  samples  of  materials,  which  were  kindly  furnished  by 
several  of  the  most  prominent  manufacturers  of  electrical  ma- 
chinery. 

The  Apparatus. 

The  heating  apparatus  consisted  of  a  glass  cylinder  8  inches 
in  diameter  and  10  inches  high,  covered  at  the  top  and  bottom 
with  asbestos  plates.  The  lower  part  of  this  cylinder  was  occu- 
pied by  twelve  enamel  resistance  tubes,  five  inches  long,  and 
24  ohms  each.  The  terminals  of  these  were  brought  out  through 
the  asbestos  plate.  The  current  in  these  tubes  being  controlled 
by  a  rheostat,  the  temperature  in  the  cylinder  could  be  varied  at 
pleasure.  An  inch  above  the  heating  tubes,  and  supported  by  an 
asbestos  collar,  was  a  metal  plate  having  boles  punched  in  it  to 
allow  the  free  circulation  of  air  in  the  cylinder.  This  plate  was 
connected  to  one  ride  of  a  galvanometer. 

The  insulating  material  to  be  tested  was  wrapped  on  brass 
cylinders  f "  in  diameter  and  tKree  inches  long,  the  insula- 
tion not  reaching  quite  to  the  end  of  the  tube.  The  insula- 
tion was  then  wound  with  No.  26  B  &  S  bare  copper  wire  for  a 
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space  of  2i".  Five  tubes  ao  wonnd  were  then  placed  on  the  metal 
plate  in  the  cylinder,  and  their  terminals  bronght  np  through  the 
asbestoB  cover,  and  then  to  a  switeltboard,  in  order  that  an;  tube 
might  be  tlirown  into  the  galvanometer  circuit.  Tliia  arrange- 
ment made  it  possible  to  heat  live  specimens  at  one  time. 

With  the  above  apparatus  was  used  a  Thomson  high  resistance 
galvanometer,  a  megohm  box  and  a  difference  of  potential  of 
500  volts. 

The  thermometer  used  was  of  the  nitrogen-filled  mercurial  type 
and  capable  of  measuring  from  0°  to  400°  C. 
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When  troubled  with  surface  leakage,  it  was  eliminated  in  the 
following  simple  manner.  The  diagram  allows  the  connections 
while  testing  a  tube  and  also  the  leakage  shunt. 

It  will  be  seen  from  the  diagram.  Fig.  1,  that  all  of  the  current 
going  through  the  galvanometer  must  pass  from  the  dynamo  to 
the  brass  cylinder,  and  thence  through  the  insulation  to  coil  a  and 
on  through  the  galvanometer.  Any  current  tending  to  leak  over 
the  surface  of  the  insulation  from  tlie  brass  cylinder  to  coil  a  will 
be  intercepted  and  shunted  past  the  galvanometer  by  coils  b  b. 
Daring  the  investigation  many  different  specimens  of  paper. 
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oiled  cloth,  etc.,  varj'tQg  greatly  in  thickness  and  conipositioD^ 
were  tested,  and  it  waa  found  that  each  class  has  its  chftracteristic 
properties  strongly  marked.  We  will  now  proceed  to  the  discas- 
sion  of  each  particnlar  class. 

Plain  Papkk. 

In  this  class  40  specimens  were  tested.  After  the  resistance  at 
the  temperature  of  the  air  (22  "  0.)  was  carefully  noted,  the  tem- 
perature was  gradually  increased  (100°  in  one-half  hour)  and 
readings  taken  every  10"  np  to  80°  and  from  there  on  every  20°. 
Fig.  2  shows  a  curve  which  is  characteristic  of  practically  all  kinds 
of  plain  paper. 

It  should  be  noticed  however  that  in  general,  tlie  resistance  of 
papers  that  are  not  protected  from  moisture,  falls  between  22  ° 
and  50  "  and  then  rises  rapidly  until  at  75  "  it  has  attained  a  maii- 
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Fio.  2.— Plain  Red  Paper  .009*  Thick,    Characteristic  Paper  Curve. 

mum  resistance.  It  should  ^so  be  noted  that  this  temperature  of 
15  °  is  very  constant  for  all  kinds  of  paper.  From  75  °  upward 
the  resistatice  falls  rapidly,  and  at  150°  is  but  a  small  fraction 
of  its  initial  resistance. 

The  initixl  resistance  of  paper  protected  from  moisture  by 
japan  (Fig.  3)  is  very  high,  but  falls  rapidly  with  the  increase  of 
temperature,  as  is  the  case  with  all  material  protected  from  mois- 
ture. (See  oiled  paper  and  oiled  cloth).  Hence  we  see  that  all 
paper  having  a  porous  stroetnre  and  therefore  containing  more 
moisture,  has  a  lower  initial  resistance  than  the  protected  paper, 
but  is  affected  by  heat  mnch  less  than  the  latter.  This  would 
lead  to  the  conclusion  that  there  are  two  phenomena  taking  place. 
First  the  driving  off  of  the  moisture,  which  tends  to  increase  the 
resistance,  and  secondly,  some  change  (not  a  mechanical  deteriora 
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tion)  in  the  material,  dependent  on  the  temperature  and  which 
may  be  called  the  toinperatnre  coefficient.  This  temperature 
coefficient  tends  to  lower  the  resistance  with  increase  of  tempera- 
ture. 

Examining  the  several  curves  shown,  we  see  that  the  initial 
rosistinco  of  unprotected  papers  is  low  on  acconnt  of  the  presence 
of  moisture.  Now,  on  gradually  increasing  the  temperature,  the 
resistance  falls  during  the  first  20  "  or  30  ",  because  the  effect  of 
the  temperature  coefficient  predominates  during  this  period  and 
before  the  material  is  warm  enough  to  start  t)ie  evaporation  of 
the  moisture  it  contains.  This  however  lasts  but  a  short  time  as 
the  result  of  the  evaporation  is  to  increase  tlie  resistance  very 
rapidly,  until  at  75°  the  temperature  coefficient  again  asserts 
itself  and  tlie  resistance  rapidly  falls. 
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Fio,  3.— Jap&nned  R«i  Paper  .01'  Thick.    ChanuMeristic  Curve. 


In  the  ease  of  japanned  papers  (Fig.  3)  the  initial  resistance  ia 
very  high,  due  to  the  absence  of  moistare,  but  on  being  heated 
the  resistance  drops  rapidly  as  the  small  quantity  of  water  con- 
tained is  evaporated  off  so  slowly  that  it  has  very  little  counter- 
acting effect  on  the  temperaiur'e  coefficient. 

Paper  does  not  seem  to  deteriomte  mechanically  at  less  than 
180  °;  above  this  point  the  material  begins  to  carbonize.  At  230  " 
a  peculiar  phenomenon  takes  place.  The  material  after  possess- 
ing a  very  low  resistance  from  175  "  upward,  would  at  about  230° 
suddenly  increase  greatly  in  resistance  and  immediately  after 
break  down.  This  may  he  caused  by  some  molecular  rearrange- 
ment taking  place  at  that  temperature  which  changes  the  resist- 
ance of  the  material.  Other  cases  wherein  the  resistance  of  a 
body  changes  at  a  certain  temperature  are  well  known.  In  the 
phenomenon   of   "  recalescence "  a  piece  of  iron  or  steel  after 


1896.]       SKVBB.  MOKKLL  AND  PERRY  ON  INSVLATION. 


Mr 


Iiaving  been  heated  to  a  brifrJit  redness  and  allowed  to  cool  elowly 
will  at  a  certain  stage  of  tiie  cooling  process  receive  a  suddeD 
clieck,  heat  being  generated  in  tbe  metal  as  a  result  of  the 
change  which  the  molecular  conetruction  suffers  at  tbe  critical 
point.  The  cooltng  is  arrested  and  the  temperature  and  resist- 
ance rise  though  the  loss  by  radiation  is  still  going  on. 

The  experiments  of  F.  KohlrauEch  and  Ilopkinson  have  also 
shown  that  the  critical  temperature  is  marked  hj  a  sudden  change 
in  the  coefficient  which  expresses  the  effect  of  temperature  on  the 
electrical  resistance  of  iron.     This  is  also  true  of  nickel. 

It  would  seem  that  paper  insulation  has  a  critical  temperature 
somewhat  analogous  to  that  of  iron,  steel  and  nickel,  but  of  course 
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the  cliaracteristice  of  the  materials  are  too  different  for  any  close 
similarity. 

Plain  Ci.oth. 
Under  this  head  20  specimens  were  tested  including  canvas, 
linen  and  muslin,  of  different  thicknesses.  The  action  of  this 
material  (Fig.  4)  is  mnch  the  same  as  that  of  paper  (Fig.  2).  The 
initial  resistance  is  lower  as  it  containra  more  moisture  than  is  the 
case  ^vith  paper;  for  the  same  reason  when  the  moisture  evap- 
orates off,  the  increase  over  the  initial  resistance  is  greater  than 
witli  paper.  By  reference  to  the  curves  of  paper  and  cloth,  it 
will  be  noticed  that  their  resistance  varies  iu  the  same  manner. 
For  cloth,  as  for  paper,  the  maximum  resistance  is  at  75  "  C.  The 
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material  does  not  begin  to  carbonize  until  at  a  temperature  of 
180'  C.  and  even  beyond  tliatpointit  loses  its  mechanical  strength 
very  slowly  until  past  220  °. 

The  explanation  for  the  resistance  of  clotli  varying  as  it  does- 
is  exactly  similar  to  that  for  paper. 

Oiled  Papes. 

In  this  class  14  tests  were  made,'  on  papers  of  different  thick- 
nesses. With  the  single  exception  of  one  specimen  (the  resist- 
ance of  which  was  very  high)  the  initial  resistance  was  lower  than 
in  the  case  of  paper.    (Compare  Figs.  2  and  5.) 

On  increasing  the  temperature  the  resistance  fell  rapidly,  the 
carve  being  much  the  same  as  that  for  japanned  paper.     The 
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Fio.  S.— Oiled  Paper  .0049"  Thick.    Chancterietio  Curve. 


reason  for  the  sudden  decrease  in  resistance  is  the  same  as  that 
for  japanned  paper. 

Oiled  paper  deteriorates  mechanically  at  a  lower  temperature 
than  paper  or  cloth,  commencing  to  blacken  at  so  low  a  tempera- 
ture as  120°  C. 

Oiled  Cloth. 

In  this  class  38  specimens  of  oiled  silk,  muslin,  and  linen  of 
various  thicknesses  were  tested.  The  initial  resistance  of  this 
material  is  much  lower  than  that  of  paper,  and  on  increasing 
the  temperature  the  resistance  falls  rapidly,  the  shape  of  the 
curve  (Fig.  6)  corresponding  to  those  of  japanned  and  oiled 
paper.  The  reason  for  the  sudden  decrease  in  resistance  is  qn- 
donbtedly  the  same  as  for  the  japanned  and  oiled  paper.  The 
insulation  begins  to  char  at  about  120  °  C. 
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CtENERAL   CoNOLUfllONS. 

In  the  foregoinft  discassioD  there  are  some  main  points  to 
which  it  is  necesBsry  to  draw  atteation.     These  are : 

(a)  That  paper  is  a  better  insnlation  and  witlistands  increase 
in  temperature  much  better  than  cloth  (shellac  and  varnish  were 
not  used  in  any  of  the  experiments),  oiled  paper  or  oiled  clpth. 

(ft)  That  paper  and  cloth  have  a  maximum  resistance  when  first 
heated  at  abont  75  "  C.  and  are  not  injored  mechanically  under 
180  °  C. 

(c)  That  the  point  of  maximum  resistance  for  paper  and 
<:Ioth  (in  this  case  75°  C)  depends  on  the  rapidity  with  which 
the  temperature  is  increased. 

Here  the  authors  would  like  to  suggest  that  if  the  material 
were  kept  at  a  constant  temperature  until  all  the  moisture  had 
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FiQ.  6.— Oiled  Silk  .007"  Thick.     Ch8ra<;teri8tic  Curve  ot  Oiled  Cloth. 

lieen  evaporated,  the  resistance  of  the  material  would  then  be  its 
ti-ue  resistance  at  that  temperature. 

((/)  That  all  give  a  higii  resistance  after  cooling,  hut  have  little 
mechanical  strength. 

Oiled  paper  and  oiled  cloth,  however,  after  having  been  heated  to 
220°  C.  and  allowed  to  cool,  not  only  have  a  high  resistance,  bot 
became  so  firmly  fixed  to  the  brass  cylinders  that  it  was  found 
necessary  to  remove  tliem  with  a  file. 

(«)  That  it  would  be  well  to  bake  paper  and  cloth  insulation  to 
140°  C.  before  applying  varnish  or  shellac. 

{f)  Referring  to  Fig  3,  it  will  be  seen  that  on  decreasing  the 
temperature  the  resistance  increased,  but  the  second  curve  does 
not  by  any  means  coincide  with  the  first.  On  further  experiment- 
ing in  this  direction,  it  was  found  that  there  is  no  temperature  at 
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which  the  curve  with  falling  temperature  coincides  with  the  first. 
This  may  be  due  to  more  moisture  being  driven  out  at  higher 
temperatures  which  is  not  absorbed  by  cooling. 

Here  it  may  be  well  to  mf»ntion  an  interesting  phenomenon 
that  occurred  in  connection  with  this  investigation. 

When  the  temperature  has  risen  above  100°  C  ,  the  zinc  in  tlie 
brass-cylinder  begins  to  leave  its  surface  and  combine  with  the 
copper  wire  wrapped  about  the  insulation  so  that  the  wire  h-^s  a 
brass  surface  and  the  brass  cylinder  a  copper  surface. 

Owing  to  the  limited  time  at  the  autliors'  disposal,  they  were 
unable  to  further  pursue  this  investigation,  but  much  remaiiip, 
and  any  research  along  this  line  will  be  found  full  of  theoretical 
as  well  as  practical  interest. 


Discussion. 

Mr.  Stkinmeiz: — While  this  paper  is  very  interesting,  I  fear 
some  mitleading  and  very  dangerous  conclusions  may  be  drawn 
from  it  regarding  the  value  of  different  insulating  materials. 

The  paper  shows  that  dry  fibre  is  superior  in  insulating  quality 
to  oiled  paper,  or  oiled  cloth.  While  it  is  undoubtedly  true  and 
has  been  observed  repeatedly  that  dry  fibre  has  a  very  high  in- 
sulation resistance,  and  that  consequently  the  insulation  resistance 
is  decreased  by  treating  the  fibre  with  oil  or  japan,  high  insula- 
tion resistance  is  not  the  only  quality  to  be  sought  after,  and  not 
even  the  most  important  one,  but  much  more  important  is  reli- 
ability, and  in  this  regard  wood  fibre  ranges  very  low,  since  it  is 
hygroscopic,  and  thus  absorbs  moisture.  Therefore  during  the 
variations  of  temperatures  and  humidity  to  which  electric  ma- 
chinery is  exposed  in  practical  operation,  dry  fibre  as  insulating 
material  is  fairly  sure  to  become  moist,  and  thereby  very  dan- 
gerous. 

The  treatment  with  oil  or  japan  is  merely  for  the  purpose  of 
eliminating  the  hygroscopic  quality  of  the  fibre  thereby  making 
it  a  suitable  insulating  material. 

Besides  high  insulation  resistance,  however,  another  quality 
has  to  be  considered,  namely,  disruptive  strength,  that  is  the 
ability  of  the  material  to  resist  being  pierced  by  the  voltage  to 
which  it  is  exposed.  In  medium  potential  circuits,  as  for  in- 
stance, the  primaries  of  alternating  circuits,  disruptive  strength 
is  generally  of  much  greater  importance  than  insulation  resist- 
ance, and  as  I  haNC  shown  in  a  previous  paper,  these  two  quali- 
ties do  not  always  go  toccether,  but  high  disruptive  strength  may 
be  combined  with  comparatively  low  insulation  resistance,  as  in 
mica,  or  inversely,  as  in  air.  In  disruptive  strength,  pure  mica 
ranges  above  tibre  and  all  other  organic  substances. 
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When  coining  to  very  liigh  voltages,  as  in  long  distance  trans- 
mission, still  another  phenomenon  becomes  of  importance,  which 
again  changes  the  relative  value  of  insulating  materials,  namely^ 
surface  leakage.  Mica,  for  instance,  while  very  good  in  disrup- 
tive strength,  is  not  very  satisfactory  to  guard  against  surface 
leakage,  but  a  high  potential  will  leak  or  creep  over  quite  a  long 
distance  of  mica  or  porcelain  surface,  while  organic  compounds 
are  frequently  much  superior  in  this  respect. 

Thus  insulating  materials  cannot  be  discussed  generally  in  their 
relative  value,  but  only  with  regard  to  the  practical  application 
they  have  to  meet. 

Db..  F.  B.  Crocker  : — I  agree  that  the  paper  standing  alone 
might  give  rise  to  the  dangerous  conclusions  oi  which  Mr.  Stein- 
metz  has  complained,  but  it  was  intended  simply  to  investigate 
certain  facts,  as  the  paper  itself  clearly  shows,  if  carefully  read. 
Investigations  were  carried  on  several  years  ago  at  Columbia,  by 
T.  T.  P.  Luquer  {Elec.  Eng.,  Dec.  28,  1892)  showing  the  effect 
of  moisture  on  these  various  materials,  and  also  bv  Caniield  and 
Robinson  {Elec,  Evg.^  Mar.  28,  1894),  showing  their  disruptive 
strength.  It  would,  of  course,  be  well  to  put  all  these  together, 
and  a  proper  comparison  would  include  all  these  qualities,  due 
weight  bemg  given  to  each.  But  it  is  surprising — and  I  think 
it  not  generally  known — that  the  effect  of  oil  appears  to  di- 
minish the  insulating  qualities,  particularly  as  soon  as  the  tem- 
f)erature  rises  Comparing  these  curves,  we  find  that  even  as 
ow  a  temperature  as  50°  C.  causes  the  oiled  paper  and  cloth  to 
fall  to  a  very  low  value,  whereas  the  plain  paper  and  plain  cloth 
have  their  maximum  insulatine^  resistance,  wnich  is  a  very  high 
value,  at  75^  C.  That  certainly  is  very  striking  and  well  worth 
noting.  1  should  also  call  attention  to  the  fact  that  probably  on 
the  continued  application  of  any  of  these  temperatures  there  is  a 
greater  effect  than  with  the  comparatively  short  time  of  treating 
which  was  the  case  in  these  experiments.  Therefore,  I  should 
expect,  that  50°  or  00°  C.  applied  for  a  long  time  to  (»iled 
paper  or  oiled  cloth  would  bring  their  insulating  resistance  down 
to  such  a  low  value  that  they  would  be  in  danger  of  being  broken 
down.  I  think  that  would  explain  a  great  many  of  the  gradual 
burn-outs  that  occur  in  electrical  maclnnery;  and  it  remains  to  be 
seen  by  practical  experience  what  the  actual  facts  are.  I  know 
that  I  was  very  much  surprised  when  I  saw  the  results.  I  fully 
agree  with  Mr,  Stein metz  that  the  insulation  resistance  is  by  no 
means  the  only  point  to  be  considered,  nevertheless  it  is  an  im- 
portant one.  Now,  if  these  materials  do  have  a  very  low  resist- 
ance at  such  a  moderate  temperature  as  hO^  or  f)0°  C,  v/hy,  it 
would  simply  mean  that  they  are  not  suited  to  work  continually 
at  that  heat,  and  (50®  (>.  is  not  now  considered  high.  Exactly 
what  is  the  best  thing  to  do  is  not,  of  course,  the  intention  of 
this  paper  to  show,  but  it  would  indicate  that  we  ought  at  least 
to  consider  this  point,  and  that  if  the  machines  are  to  be  worked 
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at  a  high  temperature,  we  should  make  sure  whether  oil  is  a  de- 
sirable thing  to  have.  In  regard  to  the  effect  of  moisture,  that 
only  applies  to  the  starting  up  of  the  machine,  because  when  the 
machine  gets  to  working,  that  objection  disappears.  I  might  add 
that  the  tension  used  in  these  tests  was  500  volts,  which  is  not  a 
very  high  potential  but  is  suflScient  to  show  any  very  great 
tendency  to  disruption. 

Mb.  Soott  : — 1  think  it  is  well  to  put  some  safeguards  and 
danger  signals  about  a  paper  of  this  kind,  for  taken  directly  on 
its  race,  it  is  apt  to  leaa  to  erroneous  conclusions.  I  am  familiar 
with  quite  a  number  of  tests  made  by  Mr.  C.  E.  Skinner,  of  the 
company  with  which  I  am  connected,  on  very  much  the  same 
lines.  In  his  tests  he  has  taken  larger  pieces  of  insulating  ma- 
terial and  placed  them  between  two  pieces  of  iron  which  were 
heated  up  at  a  slow  rate,  and  the  insulation  resistance  of  the 
material  was  measured  from  time  to  time.  The  law  which  he 
has  determined,  if  expressed  on,  say,  curve  2,  of  the  present  paper, 
has  its  minimum  where  this  curve  has  its  maximum.  That  is,  in 
Mr.  Skinner's  test  there  is  a  certain  initial  resistance  which  de- 
creases to  a  minimum  at  75  to  100  degrees,  and  after  that  in- 
creases. The  tests  to  which  I  refer  were  made  under  what  were 
presumed  to  be  fairly  commercial  conditions  in  the  manufacture 
of  machines  for  the  purpose  of  determining  just  what  could  be 
expected  at  different  temperatures  of  different  insulating  ma- 
terials. Quite  a  large  number  of  materials  were  tested,  covering 
iibout  the  range  and  kind  reported  in  the  paper.  Now,  either 
those  results  were  wrong  or  these  results  are  wrong,  or  they  were 
made  under  different  conditions.  I  am  not  prepared  at  this  mo- 
ment to  say  which  of  these  is  true.  I  do  know  that  in  the  tests 
with  which  I  am  familiar,  extending  over  a  considerable  time, 
and  made  in  some  cases  on  machines  themselves,  the  resistance 
of  a  new  machine  after  successive  runs,  as  the  armature  or  field 
became  warmer  and  warmer,and  also  on  individual  pieces  of  dif- 
ferent kinds  of  material,  the  same  general  characteristics  were 
found  in  the  different  tests,  disagreeing  with  those  given  in  this 
paper. 

The  subject  of  oil  is  mentioned  in  the  paper,  and  one  feature 
which  may  explain  the  rapid  decrease  in  the  resistance  of  the 
oiled  paper  may  be  due  to  the  fact  that  if  there  be  some  moisture 
in  the  paper  itself  and  the  surface  be  covered  with  a  film  of  oil, 
the  moisture  will  be  confined  until  the  temperature  is  raised,  and 
then  it  will  be  vaporized  and  try  to  escape.  If  the  surface  be 
nearly  continuous,  it  may  contain  some  openings  in  the  oil.  The 
water  will  force  itself  out  at  certain  points ;  it  will  pass  from  a 
hotter  place  to  a  cooler  place,  and  the  tendency  will  be  to  collect 
the  water  at  some  one  point.  The  moisture,  in  accumulating  in 
this  way,  may  decrease  the  resistance  very  much  at  one  point. 
Nothing  is  said  in  the  paper  as  to  the  kind  of  oil  used.  There 
are  different  grades  of  oil,  differing  widely  in  resistance,  and 
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often  containing  impurities,  which  may  decrease  the  resistance 
very  much.  In  the  case  of  some  oils,  the  resistance  may  be  com- 
paratively low.  If  the  oil  be  heated  and  then  cooled,  it  may  be 
considerably  higher,  possibly  moisture  or  impurities  in  the  oil 
being  driven  off. 

The  conclusions  given  at  the  end  of  the  paper  may  be  justified 
from  experiments  which  have  been  performed,  but  these,  as  it 
has  already  been  stated,  cover  a  small  range,  and  it  is  going  too 
far  to  draw  conclusions  which  are  general  from  so  limited  data. 
For  instance,  the  first  conclusion,  that  dry  paper  is  a  better  in- 
sulation and  stands  increased  temperature  better  than  cloth. 
Better  for  some  things,  perhaps,  but  not  necessarily  for  a  dynamo. 
A  high  resistance  galvanometer  and  laboratory  instruments  are 
often  dangerous  things  in  practical  machinery.  Another  con- 
clusion of  the  paper  is  that  it  would  be  well  to  bake  the  cloth, 
etc.,  at  a  certain  temperature,  before  applying  shellac  and  varnish. 
I  fail  to  see  the  curve  or  data  from  which  that  conclusion  is 
drawn,  and  I  do  not  understand  why  that  temperature,  instead  of 
some  other  or  possibly  lower  temperature,  continued  for  a  long 
time,  may  not  be  a  preferable  one.  I  notice  on  the  last  page  of 
the  paper  the  statement  that  when  the  temperature  has  risen 
above  100®  C,  there  seems  to  be  some  transfer  in  the  metals 
which  are  surrounding  the  insulating  material.  It  appears  from 
this  that  the  zinc  passes  from  the  cylinder  through  to  the  wire.  If 
it  does,  that  may  have  a  very  decided  effect  upon  the  insulation 
of  the  medium  between  the  two.  If  there  is  electrolytic  action, 
or  something  similar  to  that,  by  which  the  metal  is  passed  through 
the  insulating  material  from  one  side  to  the  otlier,  this  phe- 
nomena may  be  very  important  as  well  as  interesting.  The  sub- 
ject is  an  interesting  one,  and  I  call  attention  to  the  several  points 
m  this  way,  in  order  to  provoke  discussion  and  prevent  any  wrong 
conclusion. 

Mr.  Perry  : — Prof.  Crocker  called  attention  to  the  fact  that 
if  paper  or  cloth  were  heated,  say,  to  the  boiling  point  of  a  liquid, 
vou  will  volatize  that  liquid.  Those  of  us  who  have  worked  much 
m  chemistry  know  the  fallacy  of  that  belief.  I  remember  that  in 
laboratory  work  we  had  considerable  difficulty  in  drying  some 

f)recipitates.  Precipitated  silica  was  one  of  these,  and  if  we 
lad  much  of  it,  it  seemed  almost  impossible  to  drive  off  all  of 
the  water,  even  though  we  heated  it  to  a  white  heat  for  24  or  36 
hours.  In  such  cases  our  recourse  was  to  take  some  small  aliquot 
part  of  the  total,  heat  this  to  a  white  heat,  and  then  after  cooling 
reweigh  it.  It  was  then  reheated  and  reweighed,  and  this  was 
continued  until  the  weighings  became  constant.  We  then  as- 
sumed that  the  moisture  was  all  out  of  it.  I  do  not  know  how  it 
would  be  with  paper,  but  I  should  suppose  the  same  thing  could 
be  observed  there.  It  seems  to  me  tnat  some  of  these  apparent 
discrepancies  are  due  to  the  fact  that  there  is  considerable  mois- 
ture still  there,  and  that  that  moisture  sometimes  produced  chem- 
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ical  action  upon  the  metals  upon  which  the  paper  was  wound, 
and  in  being  driven  to  the  outside,  carried  with  it  the  salts  which 
had  been  formed.  This  1  should  consider  as  a  possible  explana- 
tion of  one  of  the  points  referred  to  in  the  paper. 

Prof.  (Crocker  : — While  Mr.  Scott's  points  are  fresh  in  mind, 
I  would  like  the  opportunity  of  answering  some  of  them.  In 
the  first  place  I  think  he  should  give  us  the  form  of  those  curves. 
There  is  a  minimum  point  in  the  curves  shown  in  the  paper,  at 
about  35°  C,  and  we  have  a  maximum  point  at  about  75° 
C.  Then  it  falls  again.  If  we  shift  the  curve  to  one  side 
or  the  other,  it  would  fully  explain  the  statement  that  Mr. 
Scott  makes.  That  may  not  be  sufficient,  but  so  far  as  anytliing 
he  has  said  is  concerned,  it  would  fully  explain  the  difference. 
Take,  for  instance.  Fig.  2.  The  resistance  at  first  is  high,  then 
it  falls,  and  there  is  a  minimum  point  at  a  little  higher  tempera- 
ture. But  when  the  temperature  begins  to  reach  a  point  that 
evaporates  the  moisture,  then  it  rises,  as  I  think  it  must.  I  can- 
not imagine  that  anything  else  could  occur.  These  materials 
were  taken  just  as  they  were  received.  They  were  tested  on  150 
different  occasions,  ana  they  all  gave  substantially  the  same  re- 
sults. They  naturally  contain  a  certain  amount  of  moisture 
which  must  be  driven  off  at  some  temperature.  Hence,  there 
must  be  a  maximum  somewhere  between  ordinary  temperature 
and  a  temperature  of,  say,  150°  C,  because  beyond  that  we  know 
the  temperature  will  finally  destroy  their  insulating  qualities,  and 
we  nmst  have  those  maxima  and  minima  points.  It  is  simply  a 
question  of  where  they  occur.  I  can  imagine  that  under  aiffer- 
ent  conditions  we  might  have  those  minima  or  maxima  occuring 
at  different  temperatures,' but  that  general  form  of  curve  must 
necessarily  be  correct,  and  anyone  would  naturally  expect  sub- 
stantially these  results  if  he  carefully  considered  the  problem. 
If  Mr.  Scott  remembers  the  form  of  those  curves,  1  would  suggest 
that  he  give  them  to  us,  also  the  temperatures  corresponding. 
In  regard  to  the  limited  range  of  these  curves,  as  a  matter  of  fact 
there  were  102  tests  made.  I  think  it  is  very  seldom  that  the 
Institute  has  a  paper  presented  to  it  which  is  the  result  of  so 
many  tei^ts  as  that.  I  imagine  that  papers  have  been  read  here 
which  were  the  result  of  only  one  test,  or  perhaps  none  at  all.  In 
regard  to  the  oiled  paper  and  oiled  cloth,  I  would  say  that  14 
tests  were  made  on  the  former  and  28  on  the  latter ;  and  they 
were  made  on  materials  furnished  to  us  by  all  the  prominent 
manufacturers  in  the  country.  In  other  words,  we  took  insulat- 
ing material  as  we  found  it.  The  tests  were  made  entirely  with- 
out favor.  The  surprising  fact  was  the  uniformity  or  general 
similarity  that  was  siiown  by  the  different  samples  of  the  same 
class  of  materials.  In  regard  to  the  zinc  phenomenon,  it  was 
observed  a  year  ago ;  and,  while  I  did  not  intend  to  make  this 
statement,  as  I  should  prefer  to  verify  it  a  little  more  fully,  ap- 
parently it  is  a  fact  that  zinc  is  volatile  at  (juite  a  low  tempera- 
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ture.  A  very  small  amount  of  zinc  vapor  is  formed  in  the 
receiver,  and  if  there  is  a  piece  of  copper  in  the  same  receiver, 
the  latter  will  absorb  the  former.  That  is  a  very  startling  state- 
ment, perhaps,  but  after  all  it  is  not  entirely  dissimilar  from  other 
physical  facts  that  are  well  known.  Water  has  a  vapor  tension 
down  to  absolute  zero,  even  ice  evaporates.  It  is  by  no  means 
necessary  to  have  the  temperature  at  100"  C.  in  order  to  have 
water  vapor  present.  It  has  a  vapor  tension  at  any  temperature. 
Therefore,  we  might  reason  by  analogy  that  the  zinc  also  has  a 
vapor  tension,  ana  there  is  a  certain  amount  of  zinc  vapor  pre- 
sent in  a  space  at  a  comparatively  low  temperature.  It  seems  to 
me  that  the  analogy  is  not  carried  too  far,  and  it  is  only  necessary 
to  have  a  small  amount  of  zinc  vapor  present  in  the  receiver  at 
any  given  moment,  in  order  that  the  transfer  may  slowly  occur, 
and  during  that  time  a  superficial  deposit  of  zinc  is  produced. 
We  intended  to  carry  the  experiments  further  before  making  a 
positive  announcement  on  the  subject,  but  the  discovery  crept 
mto  this  paper  accidentally. 

Mr.  Scott  : — The  form  of  the  curve  to  which  I  referred  is  in 
general  a  uniform  decrease  from  ordinary  temperature  until  a 
temperature  about  a  boiling  point  is  reached,  the  resistance  falling 
off  fairly  uniformly,  and  after  that  increasing,  making  a  fairly 
smooth  curve  at  the  point  of  minimum  resistance.  After  that 
time  the  resistance  is  under  a  temperature  of,  say,  125  degrees  to 
150  degrees  centigrade,  as  I  recollect  the  curve.  There  was  no 
falling  off— at  any  rate,  no  falling  off  so  marked  as  that  shown 
here  in  the  paper.  The  first  dip  in  the  curve  as  presented  in  the 
paper,  as  seen  in  Fig.  2,  seems  to  indicate  the  presence  of  moisture 
which  is  driven  off,  that  moisture  being  driven  off  at  about  40  or 
50  degrees  centigrade.  If  that  lowering  of  the  grade  is  due  to 
the  driving  pff  of  moisture,  the  driving  off  has  occurred  much 
sooner  and  at  a  lower  temperature  in  the  curves  here  than  in  the 
curves  to  which  I  referred.  That  may  be  due  to  the  condition 
of  the  apparatus.  In  the  tests  described  in  the  paper,  the  speci- 
mens are  small  in  amount  and  entirely  surrounded  by  warm  air 
and  have  great  facility  for  throwing  off  moisture.  In  the  tests 
to  which  I  referred,  the  material  was  more  confined — more  as  it 
is  in  the  insulation  of  a  machine,  and  the  moisture  does  not  have 
as  great  facility  for  passing  away. 

The  special  tests  upon  materials  were  made  on  somewhat  the 
same  conditions.  The  iron  plates  were  about  eight  inches  in 
diameter,  so  that  the  insulating  material  in  between  was  fairly 
well  confined.  This  may  account  for  the  difference  in  tiie  tem- 
perature at  which  the  miniuium  resistance  occurs.  After  the 
moisture  has  passed  off  and  resistance  increased,  the  maximum  is 
found  ill  the  curve  given  in  the  paper  at  something  under  100 
degrees,  and  the  resistance  then  falls  off  rapidly,  possibly  as 
stated  there,  to  a  temperature  above  50  degrees.  At  15 J  degrees 
the  resistance  is  at  its  lowest  point.     In  the  other  work  to  which 
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I  referred,  the  resistance  at  that  temperature  was  as  high  or 
higher  than  it  was  in  the  beginning  of  tne  test.  I  am  sorry  that 
I  have  not  some  of  these  curves  and  more  definite  data  in  regard 
to  them  here,  but  will  furnish  some  curves  to  be  placed  with  this 
discussion  later.  In  regard  to  the  number  of  tests,  1  ffrant  that 
102  is  more  than  are  onen  supplied  with  the  papers,  v  ery  often 
papers  are  furnished  on  no  tests  whatever.  But  I  draw  atten- 
tion again  to  the  statement  that  I  made  before,  that  although 
there  are  many  tests  here  in  number,  they  do  not  cover  a  very 
wide  ran^e  in  condition,  and  yet  some  rather  broad  general  con- 
clusions are  drawn  from  them.  With  regard  to  the  transfer  of 
zinc,  I  inferred  from  the  paragraph  in  the  paper  that  the  zinc 
left  the  cylinder  under  the  msulating  material,  if  it  did  not, 
but  was  volatized  from  the  ends  or  interior  of  the  cylinder,  or 
some  other  part,  then  that  phenomenon  is  disposed  of. 

Mr.  Kknnklly  : — I  think,  if  we  appreciate  the  character  of 
this  paper,  which  is  a  very  interesting  and  instructive  one,  we  are 
not  likely  to  form  any  unfair  or  unwarranted  conclusions  from 
the  results  which  it  shows.  The  subject  matter  is  essentially  a 
practical  one,  and  can  only  be  dealt  with,  it  seems  to  me,  from 
a  practical  point  of  view.  The  samples  before  us  represent  cel- 
lulose in  a  certiiin  condition,  containing  certain  additional  materi- 
als of  a  coloring  nature,  and  also  additional  materials  of  an 
oleaginous  or  varnish  nature.  It  is  also  impossible  to  state  what 
the  specific  resistance  of  such  a  material  should  be,  except  under 
so  many  incidental  conditions,  as  to  render  the  result,  when  stated, 
of  very  little  practical  importance.  The  material  is  fibrous, 
loose  in  character,  and  the  structure  is  capable  of  absorbing  a 
comparatively  large  volume  of  moisture.  Tne  resistance  of  thin 
films  of  this  substance  is  given  in  the  curves  before  us,  under 
certain  practical  conditions.  Their  true  resistivity  is  out  of  the 
question.  The  material  contains  water.  Those  of  us  who  have 
experimented  with  condensers  know  how  ditficnlt  it  is  to  free 
paper  entirely  from  the  last  trace  of  moisture.  It  has  an  absorp- 
tive power  for  moisture  in  the  atmosphere  which  is  only  equalled 
by  the  avidity  by  which  ammonia  will  l)e  absorbed  by  water. 
The  test  is  made  under  certain  conditions  in  which  a  certain 
amount  of  water  is  present,  and  under  a  certain  degree  of  pres- 
sure between  the  electrodes  The  water  will  be  driven  off  at  a 
certain  rate,  and  the  vapor  will  have  a  secondary  influence  upon 
the  results.  If  you  vary  the  manner  in  which  the  experiment  is 
made  in  any  way,  it  seems  to  me  we  should  look  to  have  some 
corresponding  variation  in  the  results  obtained  ;  but  the  results, 
taken  as  they  are  and  under  the  particular  conditions  in  which 
they  were  measured,  are  valuable,  because  we  find  them  at  tem- 
peratures which  are  reached  commercially.  The  specific  resist- 
ances of  these  materials,  while  high,  are  very  mucn  lower  than 
they  are  at  normal  temperatures.  That  is,  I  think,  the  promi- 
nent point,  and  it  is  a  very  important  point.     Just  where  the 
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minimum  and  maximum  will  occur  in  these  curves  depends  on 
causes  so  complex  that  the  precise  shape  of  the  curve  nas  very 
little  practical  importance. 

Prof.  Crocker: — While  Mr.  Scott  has  explained  the  general 
form  of  that  curve,  it  seems  to  me  that  the  discrepancy  which 
sounded  very  great  at  tirst,  can  now  be  at  least  partially  explained. 
The  conditions  in  the  tests  described  in  the  paper  were  those 
where  the  moisture  had  a  fairly  good  opportunity  to  escape, 
whereas  in  the  experiments  cited  by  Mr.  Scott  the  materials  were 
])laced  between  iron  plates,  and  opportunity  for  the  escape  of 
moistpre  vsras  at  a  minimum.  I  should  say  that  the  moisture  in 
the  latter  case  was  more  confined  than  it  is  in  practical  ap- 
paratus, because  material  covered  with  wire,  is  a  semi-porous 
mass,  through  which  the  moisture  can  escape,  but  a  sheet  of  in- 
sulating material  placed  between  iron  plates  has  the  smallest  pos- 
sible opportunity  for  the  escape  of  moisture.  Consequently,  the 
natural  result  would  be  that  it  takes  a  higher  temperature  before 
the  moisture  is  driven  off ;  therefore,  the  maximum  point  of 
resistance  is  shifted  to  the  right,  because  it  takes — as  Mr.  Scott 
said — a  temperature  of  something  like  150^^  C.  before  the  moisture 
is  all  driven  off.  It  simplv  means  that  it  must  be  forced  off  by 
actual  boiling,  in  contradistinction  to  mere  evaporation.  Now, 
in  Fig.  2,  the  maximum  resistance  was  obtained  at  about  75 
degrees  simply  because  at  that  temperature  the  moisture  was 
driven  off  under  conditions  which  existed  in  that  case,  when  the 
insulating  material  was  covered  with  one  layer  of  copper  wire. 

Mr.  Steinmetz  : — It  appears  to  me,  Mr.  President,  that  one 
source  of  possible  error  nas  been  overlooked  in  the  paper,  and 
that  is  chemical  action.  Most  of  the  varnishes  are  compounds  of 
organic  acids,  which  are  acted  upon,  and  which  act  upon  copper 
and  especially  zinc.  It  is  quite  possible  that  the  varnish  nas 
been  acted  upon  by  the  zinc,  and  the  results  vitiated  thereby. 


[communicated   after    adjournment   by    MR.    CHAS.    F.    SCOTT.] 

In  the  discussion  of  the  paper  on  **  Effect  of  Temperature  on 
Insulating  Materials  "  I  reierred  to  certain  tests  made  by  Mr.  C. 
E.  Skinner.  Mr.  Skinner  has  kindly  furnished  the  following 
statement  of  some  results  which  he  has  obtained  in  his  work  in 
this  line. 

"  Some  time  ago  a  series  of  tests  were  undertaken  to  determine 
the  effect  of  temperature  on  the  insulation  resistance  and  break- 
ing down  E.  M.  F.  of  various  insulating  materials  and  of  com- 
pleted apparatus.  A  large  number  of  insulating  materials, 
including  paper,  cloth,  etc.,  both  in  the  treated  and  untreated 
forms,  were  tested.  The  tests  on  completed  apparatus  were 
made  on  armatures,  fields,  converters,  etc.,  these  pieces  of  ap- 
paratus being  treated  in  various  ways  before  the  tests  were  made. 
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(I)  Teat»  on  Insulating  Materials. — Various  methods  of  mak- 
ing these  teste  were  tried.  The  apparatus  illustrated  in  Fig.  1 
was  finally  adopted  for  standard  tests  as  being  best  suited  for 
practical  work.     This  piece  of  apparatus  consists  of  two  similar 

Srts,  the  two  parts  forming  the  plates  between  which  the  insn- 
ing  material  is  placed  when  tested.  These  plates  are  10  inches 
in  diameter  and  are  carefully  surfaced.  Each  part  is  made  of 
two  separate  pieces  of  cast-iron,  fastened  together  as  shown,  and 
wound  with  a  coil  of  asbestos  covered  wire.  The  heating  of  the 
apparatus  is  effected  by  semliug  an  alternatiufi  current  through 
the  two  coils  in  series.  The  heating  results  from  the  eddy  cur- 
rent and  hysteresis  loss  in  the  iron  as  well  as  from  the  copper  lo?s 
in  the  coil.  The  rate  of  heating  can  be  controlled  ea<iily  by 
means  of  a  suitable  rheostat  in  circuit  with  the  coils,  the  maas  of 
iron  in  the  heater  being  sufficient  to  prevent  sudden  changes  of 


temperature  from  outside  caiiho  The  msulatiou  reeistunce  of 
the  samples  was  measured  in  all  cases  b}  means  of  a  high  resis- 
tance voltmeter  on  a  5<'U-volt  circuit,  all  viires  of  the  heating 
circuit  being  disconnected  when  the  insulation  measurements  were 
made.  This  method  of  measurement  was  adopted  on  account  of 
the  portability  of  the  apparatus  and  the  facility  with  which  the 
measurements  could  be  made,  a  complete  measurement  of  insula- 
tion resistance  requiring  from  10  to  15  seconds.  Ordinarily  the 
time  occupied  in  making  a  complete  test  on  a  sample  of  material 
was  from  one  to  two  hours.  Insulation  resistance  readings  were 
made  at  frequent  intervale. 

In  Fig.  2  is  given  a  enrve  obtained  from  teste  on  a  piece  of 
untreated  paper  which  is  largely  used  for  insulating  purposes. 
As  will  be  seen,  the  minimum  resistance  is  reached  at  slightly 
below  100  degrees  C,  From  this  point  the  resistance  rises 
rapid)^-  until  it  reaches  a  point  too  high  to  be  measured  with  the 
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apparatus 
of  any  mai 


The  absolute  value  of  the  ioBulation  resistaoce 
\  any  material  of  this  class,  depends  on  the  amount  of  moisture 
ill  the  material  at  tlie  start,  the  rate  of  heati^  and  the  chance  for 
the  escape  of  moisture  during  the  test.  The  temperature  at 
which  the  insulation  resistance  is  lowest  depends  slightly  on  the 


rate  of  heating.  The  curve  shown  in  Fig.  2  is  characteristic  of 
all  materials  of  a  tihrous  nature  which  do  not  contain  chemicals 
or  materials  which  are  readily  changed  by  heat.  The  absohtte 
values  of  the  insulation  resistance  for  different  materials  or  eve». 
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for  two  eamplee  of  the  same  material  are  rarely  the  same,  but  tbe 
general  shape  of  the  curve  lias  beeu  found  to  be  practically  the 
same  for  all  such  matnrials,  the  teats  extending  over  a  period  of 
several  years  and  being  made  in  many  ways. 

The  curve  for  treated  material,  such  as  oiled-paper,  is  similar 
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tion  resistance  depends  largely  on  the  drying  of  the  material 
before  treatment.  Samples  of  cloth  which  were  treated  with 
linseed  oil  after  being  thoronghlv  dried  and  then  the  oil  baked  on, 
do  not  at  any  time  show  a  very  low  insulation  resistance,  even  at' 
4  temperatare  of  ISO  degrees  C. 
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In  Fig.  3  are  shown  curves  for  a  sample  of  .015'  calendered 
press-board.     This   press-board  is  made  of  a   mixture  of  scrap 

?iper  and  rags.     The  test  on  this  sample  was  made  as  follows : 
he  temperature  was  gradually  raised  to  120  d^rees  C,  the  time 
occupied  in  reaching  mis  temperatare  being  Su  minutes.     The 
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temperature  was  maintained  constant  at  120  degrees  for  31  Iiours. 
At  the  end  of  this  lime  the  temperature  was  increased  to  280 
degrees.  At  the  end  of  30  minutes  the  insulation  resistance  had 
fallen  from  85   megohms  to  less  than  one  megohm  and  again 
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riseu  to  about  12  megohms.  The  lowest  point  reached  was  .032 
megohms.  At  the  end  of  70  minutes  the  insulation  resistance 
had  become  too  great  to  be  measured  by  the  apparatus  at  hand. 
Frequent  readings  were  taken  during  the  31  hours'  run  at  120 
degrees  C,  but  at  no  time  was  it  possible  to  measure  the  insula- 
tion resistance.  When  the  temperature  was  again  raised  at  the 
end  of  31  hours,  the  insulation  resistance  again  fell.  At  150  de- 
grees the  first  measurements  could  be  made.  At  195  degrees 
(point  c  on  the  curve)  the  first  smoke  was  noticed  issuing  from 
between  the  plates.  At  220  degrees  C.  (point  d  on  the  curve) 
smoke  was  issuing  in  volumes  from  all  sides  of  the  piece  under 
test.  At  280  degrees  the  sample  was  charred  to  such  an  extent 
that  the  edges  extending  beyond  the  heating  plates  were  broken 
off.  At  this  point  the  test  was  unavoidably  stopped.  Sixty 
hours  later,  the  sample  not  being  disturbed  in  any  way,  it  was 
found  that  the  insulation  resistance  was  above  100  megohms. 

(2)  Test^  an  Completed  Apparatus. — In  Fig.  4  is  shown  a 
curve  taken  from  tests  on  a  motor  armature  which  was  wound 
without  previous  drying  of  any  of  its  insulating  materials.  The 
motor  was  run  with  an  overload,  and  measurements  were  made  at 
frequent  intervals.  The  temperature  could  not  be  taken  until 
the  end  of  the  run,  when  it  was  found  to  be  about  110  degrees 
C.  The  drop  in  the  curve  at  the  points  a  and  b  is  accounted  for 
by  the  fact  that  the  load  was  increased  at  these  points,  thus  in- 
creasing the  temperature  of  the  armature.  The  lowest  insulation 
resistance  reached  in  this  test  was  4,500  ohms.  At  the  end  of  7'» 
hours  the  insulation  resistance  on  the  armature  had  become  so 
high  that  insulation  resistance  measurements  could  not  be  made. 
After  standing  for  17  days  the  test  was  repeated.  The  general 
shape  of  the  curve  for  the  second  test  was  the  same  as  for  the 
first,  but  the  insulation  resistance  did  not  drop  so  rapidly  nor  so 
low,  the  lowest  point  reached  being  500,0^0  ohms  Insulation 
resistance  measurements  made  on  the  fields  at  the  same  time  show 
that  the  resistance  of  this  part  did  not  drop  so  rapidly,  but  re- 
mained low  for  a  longer  time.  This  is  explained  by  the  fact  that 
there  is  a  greater  amount  of  wire  in  the  field  coils  and  not  so 
good  a  chance  for  tlie  escape  of  moisture.  The  curve  in  Fig.  4 
18  characteristic  of  all  apparatus  tested.  The  lowest  values 
reached,  however,  for  different  apparatus,  vary  greatly  with  the 
character  of  the  apparatus  and  the  previous  treatment.  Motors 
which  were  wound  with  materials  which  had  been  treated  then 
dried,  and  the  motors  again  dried  after  being  wound,  show  the 
best  results. 

(3)  RdiVimi  BePioeen  Breaking  Down  E,  M,  F.  and  Insu- 
lation Resistance. — An  attempt  was  made  to  establish  the  rela- 
tion between  the  breaking  down  test  of  insulating  materials  and 
their  insulation  resistance.  For  this  purpose  samples  of  paper 
which  gave  a  very  uniform  breaking  down  test  in  the  normal 
BtAto,  were  heated  up  until  the  insulation  resistance  reached  a  cer- 
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tain  predetermined  amount,  when  the  breakingj  down  test  was 
<|uickly  made.  It  was  found  impossible  to  establish  any  definite 
relation  between  the  two,  even  for  a  given  material.  It  was  found, 
however,  that  a  low^  insulation  resistance  usually  meant  a  low  break- 
ing down  test,  but  a  low  breaking  down  test  did  not  necessarily 
mean  a  low  insulation  resistance.  These  two  tests  may  be  com- 
pared to  the  chemical  analysis  and  the  tensile  test  of  iron.  A 
poor  chemical  analysis  means  poor  physical  qualities,  but  a  ejood 
chemical  analysis  does  not  indicate  whether  or  not  there  are  naws 
in  the  meta'. 

(4)  Conclnsionn. — 

(a)  The  insulation  resistance  of  all  ordinary  fibrous  insulating 
materials,  such  as  paper,  cloth,  etc.,  decreases  upon  being  heated 
up  and  then  increases  again  when  the  moisture  is  expelled. 

(J)  Continued  heating  of  31  hours  at  120  degrees  C.  does  not 
lower  the  insulation  resistance  of  paper. 

{c)  The  insulation  resistance  of  completed  apparatus  shows  the 
same  characteristics  as  the  insulation  resistance  of  materials  taken 
separately. 

{d)  A  low  insulation  resistance  is  not  necessarily  an  indication 
of  poor  insulation,  but  probably  an  indication  of  the  condition  of 
the  apparatus  in  regard  to  moisture. 

{e\  A  high  e.  m.  r.  should  not  be  applied  to  apparatus  when 
the  msulation  resistance  is  low. 

{/)  Material  which  is  badly  deteriorated  mechanically  bv  heat 
may  still  have  a  high  insulation  resistance,  but  very  poor  insula- 
ting qualities." 
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AN  EXl^ERIMENTAL  STUDY  OF  ELECTKO-MOTIVE 
FORCES  INDUCED  ON  BREAKING  A  CIRCUIT. 


BY    F.  J.  A.  MoKITTRICK,  WITH    AN   INTRODUCTION    BY 

DR.    EDWARD    L.    NICHOLS. 


Preliminary  Note. 
The  method  described  by  Mr.  McKittrick  in  the  following 
paper  is  one  that  has  been  developed  by  successive  steps  to  meet 
the  requirements  of  the  study  of  fluctuating  electric  currents.  As 
long  ago  as  1880  Joubert  ^  introduced  what  has  since  proven  an 
extremely  useful  method  in  the  study  of  alternating  currents, 
namely,  that  of  instantaneous  contact.  This  method  was  used 
independently  and  almost  simultaneously  by  Thomas  and  Geyer* 
and  has  since  been  developed  and  perfected  by  Duncan*,  Ryan*, 
Bedell^  and  many  others.  It  has  remained  in  use  ever  since  and  has 
been  of  the  highest  service.  A  variety  of  methods  for  the  record- 
ing of  current  curves,  principally  by  the  aid  of  photography, 
have  been  added.  The  first  attempt  in  this  direction  was  made 
by  Frohlich*  in  his  well-known  experiments  with  a  mirror  mount- 
ed upon  the  diaphragm  of  a  telephone.  The  photographic  method 
has  been  further  developed  by  BlondeP  and  others.  In  1892 
Moler®  constructed  a  galvanometer,  the  needle  of  which  had  a  per- 
iod so  rapid  as  to  make  it  possible  to  follow  fluctuations,  the  period 

1 .  Joubert,  Journal  de  Physique  1880. 

2.  Thomas  and  Geyer;  A.  I.  E.  E.,  vol.  viii,  p  3»3,  vol.  ix.  p  268. 

3.  Duncan,  Hutchinson  and  Wilkes;  Electriedl  World,  vol.  xi,  p  160. 

4.  Ryan;  A.  I.  E.  E.,  vol.  vii,  p  1. 

5.  Bedell,  Miller  and  Wagner;  A.  I.  E.  E.,  vol.  x,  p  498. 
(For  further  references  see  the  last  named  paper.) 

6.  FrQhlich ;  Elektrotechninche  ZeiUchrift,  vol.  x,  p  345. 
7  Blondel;  i>»  Lumiere  Klectriqve.  vol.  xli,  p  401. 

8.  Moler;  A.  I.  E  E.,  vol.  viii.  p  824. 
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of  which  did  not  exceed  one  one-hundredth  of  a  second.  In  this 
instrument,  as  is  well  known,  the  record  was  made  by  the  move- 
ment of  a  pointer  over  the  surface  of  a  smoked  cylinder.  Since 
the  construction  of  the  Moler  curve-writing  galvanometer, 
Hotchkiss*  has  busied  himself  with  the  development  of  an  in- 
strument the  needle  of  which  has  a  much  higher  rate  of  vibra- 
tion. By  means  of  this  galvanometer,  which  is  described  in  the 
succeeding  paragraphs  of  this  paper,  a  great  variety  of 
curves  have  already  been  obtained,  and  its  application  to  the 
problems  studied  by  Mr.  AFcKittrick  is  herewith  presented  to 
the  Institute  in  the  belief  that  it  will  serve  to  illustrate  the  use- 
fulness of  the  method  in  question. 

o 

Since  the  days  of  Faraday,  many  experimental  studies  have 
been  made  of  induction  currents.  The  list  of  experimenters  is  a 
long  one  including,  in  Europe,  the  leading  physicists  of  each  gen- 
eration, while  on  this  side  of  the  Atlantic  the  researches  of  Henry 
have  connected  his  name  permanently  with  electro-magnetic  in- 
duction. Nearly  all  the  researches  have  been  made  by  the  aid 
of  a  secondary  circuit.  Mr.  F.  E.  Millis  has  however,  photo- 
graphed the  extra  current  in  the  circuit  itself  when  the  e.  m.  y,  is 
suddenly  removed,  and  has  shown  that  it  has  a  physical  as  well  as 
a  mathematical  existence.  {Phya.  Rev.^  vol.  iii,  No.  17.)  One  of 
the  earliest  forms  of  circuit  by  which  Faraday  illustrated  the 
existence  of  the  extra  current  of  self  induction  is  shown  in  Fig.  I , 
in  which  o  is  a  coil  containing  iron,  such  as  an  electro-magnet, 
through  which  a  current  is  flowing  from  a  battery  a  ;  b  is  another 
circuit  containing  a  galvanometer  connected  in  parallel  with  c  at 
the  points  f  and  o.  By  blocking  the  needle  of  the  galvanometer 
so  that  it  is  not  deflected  by  the  battery  current  flowing  from  f 
to  G,  it  will  indicate,  on  breaking  a,  the  presence  of  a  current 
flowing  from  o  to  f  induced,  as  we  know,  in  the  branch  c.  That 
this  induced  current  may  exceed  in  intensity  the  original  current 
flowing  through  b  maybe  simply  shovn  by  placing  in  b  an  incan- 
descent lamp.  Under  suitable  conditions,  while  the  steady  current 
from  A  is  flowing,  the  lamp  will  remain  quite  dark,  but  on  break- 
ing the  circuit  a,  it  will  flash  into  incandescence. 

The  present  paper  is  an  attempt  to  describe  the  results  of  an 
introductory  experimental  study  of  the  induction  phenomena 
exhibited  when  the  above  form  of  circuit  is  broken.     The  results 

9.  Hotchkiss  and  Millis;  Physical  Review,  vol.  iii,  p  49;  also  P.  E.  Millis. 
I^A^sfealJfmew,  roL  iiU  p  861. 
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presented  nmet  be  regarded  as  chiefly  illustrative,  but  it  is  hoped 
that  they  may  be  found  interesting,  perhaps  useful,  to  the 
Institute,  since  the  fields  of  all  dynanios  and  motors  are  enor- 
mous electro-magnets  and  at  every  change  of  the  current  through 
them,  E.  M.  f/s  are  developed,  a  knowledge  of  which  is  essential 
to  the  electrical  engineer. 

In  the  galvanometer  for  photographing  alternating  current 
curves  {Physical  Revieu)^  vol.  iii.  No.  13)  which  has  been  brought 
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Fig.  1. 

to  fcjucli  a  high  state  of  perfection  by  Messrs.  Ilotchkiss  and  Mil- 
lis,  we  have  an  ideal  instrument  for  studying  such  rapidly  vary- 
ing currents  as  accompany  a  break  in  a  circuit.  It  was  by  the 
aid  of  such  an  instrument  that  the  present  work  was  done. 

In  the  article  cited  above,  the  construction  of  this  galvanome- 
ter is  fully  described.  Since,  however,  the  form  used  by  the 
writer  was  modeled  after  later  designs  of  Mr.  Ilotchkiss,  it  may 
be  well  to  outline  briefly  the  construction  of  the  principal  parts. 

The  apparatus  in  question   is  a  photographic  galvanometer. 
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From  a  minate  mirror  attached  to  an  equally  mionte  needle,  light 
from  eome  source  is  redected  to  a  narrow  slit  past  which  a  photo- 
grapliic  plate  is  dropped,  thns  recording  any  motion  of  the  needle. 
In  the  experiments  to  be  described,  the  needle  need  coneiBtedof  a 
minute  piece  of  soft  iron  1.65  mm.  by  1.07  mm.  and  .07  mm,  thick, 
to  wbicli  was  attached  a  mirror  .53  mm.  by  .42  mm.  made  from  a 
eilrered  microscope  cover  glass.  The  needle  and  mirror  are 
mounted  on  a  quartz  fibre.  Lengthwise  of  a  brass  rod  .33  cm. 
in  diameter  is  cut  a  slot  .16  cm.  wide,  of  equal  depth,  and  about 
3  cm.  long.  At  the  bottom  of  this  slot  and  about  the  middle  of 
its  length,  a  hole,  the  eame  width  as  the  slot  and  .7  cm.  long,  is 
drilled  through  the  remaining  portion  of  tlie  rod.  To  the  shoul- 
ders  thus  formed   the  quartz  fibre  is  attached,  suspending  the 


needle  and  mirror  in  the  middle  of  the  hole.  This  brass  rod  and 
the  needle  suspended  in  it  can  be  seen  in  Fig.  2. 

From  the  vibrations  of  a  standard  tuning  fork  (768  viln ) 
photographed  on  a  plate  with  those  of  the  needle,  the  period  of 
the  needle  is  easily  found.  It  is  2056  complete  vibrations  per 
second. 

The  general  construction  of  the  galvanometer  can  he  seen  from 
Fig.  2.  The  permanent  horse-shoe  magnet  has  a  length  of  20 
cm.  and  a  total  width  of  10.8  cm,  A  block  of  wood  10.8  cm. 
by  4.9  cm.  by  1.6  cm.  slips  over  the  ends  of  the  magnet  aa 
shown,  while  in  a  second  block  10.8  cm.  by  4.9  cm.  by  2  cm. 
is  a  groove  2.5  cm.  wide  and  1.5  cm.  deep,  carrying  the  tapering 
pole-pieces  as  shown.  The  two  coils  of  the  galvanometer  are 
fixed  by  paraffin  in  holes  2.5  cm.  in  diameter  and  1.7  cm.  deep. 
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bored,  one  in  each  block,  so  that  one  coil  is  flush  with  the  sur- 
face of  the  first  block,  and  the  other  with  the  bottom  of  the 
groove  in  the  second.  These  two  blocks  are  placed  face  to  face 
and  fastened  by  screws.  The  brass  wire  containing  the  needle 
is  slipped  vertically  down  between  the  coils  and  pole-pieces  as 
shown.  Connection  between  the  two  coils  is  made  by  a  spring, 
the  other  terminals  ])eing  connected  to  binding  posts. 

The  coils  of  the  galvanometer  were  wound  with  No.  36  b  &  s. 
copper  wire  on  a  standard  form  used  by  the  mechanician  of  the 
Physical  Department  for  the  construction  of  the  most  sensitive 
galvanometers.  The  resistance  of  the  coils  in  series  is  270  ohms 
at  18°  C,  while  the  self-induction  is  so  small  that  attempts  at  de- 
termining it  have  led  to  negative  results. 

The  pole  pieces  mentioned  above  and  shown  clearly  in  Fig.  2, 
were  made  of  soft  iron  2.5  cm.  wide  and  .5  cm.  thick.  Each  was 
3  cm.  long  and  tapered  to  a  tip  .5  cm.  by  .2  cm.  They  fitted 
tightly  into  the  groove  and  were  adjusted  by  microscope  to  equal 
distances  from  the  needle. 

In  order  to  protect  the  photographic  plate  from  light,  the  part 
of  the  apparatus  shown  in  Fig.  3,  was  constructed.  The  vertical 
slide,  in  which  the  plate  drops,  is  18  cm.  by  7.5  cm.  and  90  cm. 
long.  In  the  inside  of  the  slide,  two  cleats  extend  the  length  of 
the  box  between  which  and  the  back  of  the  box  the  plate-holder 
drops  One  cleat  extends  only  to  within  23  c!n.  of  the  top  of  the 
box  in  order  that  the  holder  may  be  placed  in  position.  A  second 
box  48  cm.  by  18  cm.  by  10  cm.  containing  the  galvanometer  is 
attached  by  one  end  to  the  slide,  the  other  end  being  sappoi*ted 
by  legs.  Where  the  boxes  are  in  contact,  an  opening  1.7  cm.  by 
15  cm.  is  cut  through  both,  and  across  this  opening  on  the  inside 
of  the  slide,  is  pasted  a  piece  of  cardboard  having  a  narrow  hori- 
zontal slit  12.7  cm.  by  .05  cm.  and  through  which  the  reflected 
light  from  the  galvanometer  parses  to  the  plate.  Light  passes  to 
the  mirror  of  the  galvanometer  through  a  vertical  slit  in  a  shut- 
ter shown  clearly  in  Fig.  3.  This  shutter  is  adjustable  about  a 
vertical  axis  at  the  end  of  a  box. 

The  galvanometer  is  so  supported  that  it  is  adjustable  by  hand 
about  a  vertical  axis  passing  through  the  needle,  while  a  screw  at 
the  end  allows  delicate  adjustments  to  be  made  about  a  horizon- 
tal axis.  Before  dropping,  a  brass  catch  holds  the  plate  holder 
in  position  from  which  it  can  be  released  at  will,  while  a  cushion 
of  waste  at  the  bottom  of  the  slide  diminishes  the  shock  of  the 
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drop  and  a  small  spring  catch  prevents  a  rebound.  The  wbole 
apparatus  is  painted  a  dead  black,  while  felt  attached  t«  the  doors 
serves  to  keep  out  all  useless  light. 

A  small  mirror  which  is  attached  to  the  galvanometer  itself, 
and  is  adjustable,  was  used  to  trace  out  a  reference  line  as  seen 


on  the  curves.  By  it  an  exact  zero  line  cx>uld  be  obtained  but 
onl;  with  great  care  in  adjustment.  Since  in  general  an  absolute 
zero  line  is  not  necessary,  this  mirror  was  usually  only  adjusted 
to  trace  an  approximate  zero  line. 

The  calibration  curve  for  the  galvanometer  is  given  in  Fig.  5. 

The  arrangement  of  apparatus  during  the  investigation  is  shown 


1896. 1  McKI  TTIUCK  ON  IJSD  UCED  ELECTROMOTIVE  FORCES.      25 ! 

in  Fig.  4,  in  which  c  is  an  electro-magnet  through  which  a  current 
is  flowing  from  a  battery  in  the  branch  a  ;  b  represents  the  gal- 
vanometer placed  in  series  with  a  high  resistance  in  parallel  with 
o  at  the  points  f  and  o ;  l  is  the  arc  lamp,  and  s  the  slide  in 
which  the  plate  drops ;  h  is  a  form  of  circuit  breaker  placed  in 
A  and  controlled  by  an  electro-magnet  operated  by  an  auxiliary 
circuit.  When  a  current  is  flowing  in  this  auxiliary  circuit,  the 
terminals  in  the  breaker  are  held  in  contact  against  the  force  of 
a  spring  and  the  circuit  through  c  is  complete.  The  plate  holder 
in  dropping,  operates  a  trip  which  breaks  this  auxiliary  circuit, 
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Fig.  4. 


and    hence   the   main  circuit,   the  effects    of  the   break  being 
recorded  on  the  plate. 

The  circuit  breaker  used,  consisted  of  a  modified  form  of  tele- 
graphic sounder.  The  frame-work  which  usually  limits  the  mo- 
tion of  the  armature  lever  was  removed,  and  the  lever  itself 
lengthened.  To  the  end  of  this  lever,  at  right  angles  to  it,  and 
in  a  vertical  plane,  was  fastened  the  metal  forming  one  terminal, 
to  which  was  attached  a  wire  carrying  the  current.  This  wire 
was  so  flexible  that  it  did  not  materially  interfere  with  the  motion 
of  the  lever.     The  upper  terminal  consisted  of  a  strip  of  metal 
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aboat  .01  cm.  in  thickness,  tapering  to  a  width  of  about  .2  cm. 
The  other  termiDal  was  a  slieet  of  the  same  metal  aboat  6  cm. 
aqaare,  placed  horizontally  beneath  the  upper  terminal. 

The  source  of  light  nsed  was  an  arc  lamp  fed  by  hand,  and  en- 
closed in  a  box,  in  the  front  of  which  a  vertical  alit,  .5  mm.  in 
width,  allowed  the  light  to  pass  to  the  mirror.   The  carbons  were 
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tilted  at  ati  angle  of  about  30"  in  order  that  the  brightest  light 
from  the  crater  might  be  reflected  to  the  plate. 

Since  the  phenomena  which  we  wish  to  study  occurs  when  the 
circuit  A  is  broken,  it  is  well  to  examine  what  happens  when  a 
circuit  throngii  which  a  current  is  flowing  is  opened,  and  by  what 
law  the  current  falls  to  zero. 

As  we  open  a  metallic  switch,  for  example,  an  arc  is  formed 
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through  which  the  current  contmues  to  flow  until  the  termiDaU 
of  the  switch  become  separated  so  far  that  the  r.  m.  f.  of  the  cir- 
cuit is  unable  to  force  a  current  across.  The  spark  then  breaks. 
What  actually  occurs  in  the  formation  and  rupture  of  such  an 
arc  is  unknown.  The  nature  of  the  arcs  so  formed  must  vary 
under  different  conditions  of  breaking,  and  the  law  by  which  the 
current  reaches  zero  in  each  case  must  vary  with  the  arc  so  form- 
ed and  its  time  of  duration. 

It  has  been  established  theoretically  and  verified  experiment- 
ally, that,  on  the  removal  of  the  impressed  k.  m.  f.  from  a  circuit,, 
the  current  reaches  zero  by  a  logarithmic  curve.  That  the  cur- 
rent curve  under  the  conditions  of  an  ordinary  break  may  differ 
widely  from  a  logarithmic  curve  can  be  easily  understood.     That 


» 


Fig.  6. 

such  actually  is  the  case,  can  be  seen  from  Figs.  6  and  7,  which 
show  the  dying  away  of  the  current,  when  a  simple  circuit  is  bro- 
ken^ These  curves  were  obtained  by  connecting  the  galvanometer 
just  described,  in  parallel  with  a  non-inductive  resistance  of  3.385 
ohms,  placed  in  series  with  the  coil  c  used  during  the  present  in- 
vestigation, and  breaking  the  circuit  in  the  manner  described 
above. 

In  Fig.  6,  the  three  curves  represent  a  "  break  "  under  differ- 
ent conditions.  The  curves  are  traced  from  left  to  right.  The 
three  straight  lines  are  the  three  reference  lines,  approximately 
zero  lines.  Beginning  at  the  left,  the  straight  part  of  each  curve 
represents  the  steady  deflection  of  the  needle,  the  distance  of  this 
deflection  from  the  zero  line  being  proportional  to  the  strength 
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of  the  current.  The  point  at  which  the  "  break  "  l>egin8  is  clear- 
ly marked  by  a  slight  notch.  From  that  point  the  curves  fall 
away  approaching  the  reference  line  quite  slowly  at  first  but 
abruptly  at  the  end.  From  the  point  where  the  "  break  "  ends, 
the  curves  run  parallel  to  the  reference  line. 

Fig.  f)  (1)  is  a  *'break"  in  which  the  terminals  of  the  circuit- 
breaker  are  of  copper,  e,  the  k.  m.  f.  of  the  circuit  is  170  volts, 
L,  the  self-induction,  .029  henrys  and  I,  the  current  flowing  be- 
fore the  "break,"  5.2  amperes.  The  time  taken  by  the  spot  of 
light  to  trace  out  any  part  of  the  curve  is  found  by  comparing 
the  curve  with  the  vibrations  of  a  tuning  fork  of  known  pitch 
photographed  on  a  plate  dropping  at  same  speed.  Since  in  all 
cases  the  plate  holder  fell  quite  freely,  it  may  be  assumed  that  the 
speed  of  all  plates  in  passing  the  slit  was  the  same.  The  duration 
of  the  spark  in  Fig.  6  (I)  is  thus  found  to  be  .065  second. 


Fig.  7. 


Fig.  0  (2)  shows  a  "  break  "  when  the  breaking  terminals  were 
of  brass,  all  other  conditions  remaining  as  in  (1).  The  time  of 
duration  of  the  spark  is  .075  second. 

Fig.  6  (3)  shows  a  "  break  "  under  the  same  conditions  as  (2), 
except  that  the  spring  of  the  circuit-breaker  is  strengthened,  thus 
separating  the  terminals  more  quickly,  and  hastening  the  destruc- 
tion of  the  arc.    The  time  of  duration  of  the  spark  is  .008  seconds. 

Fig.  7  (2)  and  (8)  show  "  breaks  "  with  brass  and  copper  ter- 
minals, respectively,  in  which  the  current  is  the  same  as  in  Fig.  6, 
but  the  spring  of  the  circuit-breaker,  weaker.  The  spark  in  (2) 
lasts  longer  than  one-ninth  of  a  second,  so  that  its  ending  is 
not  recorded  in  the  plate.  In  (3)  the  terminals  are  of  copper  and 
the  spark  again  ends  more  quickly  than  with  brass  terminals. 
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Fig.  7  (I)  shows  a  "break"  with  brass  terminals,  the  current 
being  onlv  1.5  amperes,  while  other  conditions  remain  as  in  (2) 
and  (3). 

Fig.  8  (I)  and  (2)  show  current  curves  for  a  *' break"  from 
zinc  terminals.  'J'he  irregularities  in  the  curves  are  characteristic 
of  all  "breaks"  from  zinc  terminals,  and  seem  to  indicate  tliat 
the  arc  formed  is  very  irregular. 

The  current  curves  just  discussed  can,  however,  be  only  ac- 
cepted as  illustrative  of  one  method  of  breaking  the  circuit. 

It  is  clear  that  in  order  to  follow  theoretical Iv  the  instantane- 
ous  values  of  the  induced  currents  in  the  form  of  circuit  shown 
in  Fig.  1  when  a  is  broken,  the  current  curve  during  the  break 
should  be  kn jwn      Since,  in  general,  this  curve  is  not  known,  it 


Fio.  8. 

is  only  j>ossible  to  consider  particular  cases.  I^t  us  examine, 
then,  what  occurs  under  perhai)s  the  simplest  conditions  w^hich 
<5an  be  imagined. 

Consider  again  the  circuit  in  Fig.  1.  Let  7?^  Zq  be  the  resis- 
tance and  self-induction  of  the  branch  a,  and  let  /?i  L^  and  R2L2 
have  the  same  meaning  for  c  and  b.  respectively;  I^t  Zj,  be  zero, 
for  simplicity,  and  L^  >  7^.  During  the  break  in  a,  we  shall 
have  three  sources  of  e.  m.  ^^  in  this  circuit,  viz.,  the  k.  m.  f.  of 
tlie  battery  a,  which  we  shall  call  k,  and  the  two  k.  m.  f.'s 
of  self-induction  ;  one  in  c  and  one  in  b.  T^t  us  think  of 
the  current  produced  in  any  branch  by  each  k.  m.  f.  as 
separate  from  that  produced  by  each  of  the  others.  The 
resultant  actual  current  at  any  instant  in  anv  branch  will  be 
the  resultant  of  the  three  hypothetical  currents  generated  re- 
spectively by  the  three  k.  m.  f.'s.  That  it  is  legitimate  to  think 
of  each  e.  >l  f.  as  generating  its  own  current  independent  of  the 
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action  of  other  e.  m.  f.'b  in  the  circuit,  is  evident  when  we  con- 
sider that  the  solution  of  any  differential  equation  for  the  current 
in  any  circuit  in  which  there  are  several  sources  of  e.  m.  f.  results 
in  an  expression  involving  the  sum  of  different  terms,  each  term 
representing  the  value  of  a  current  produced  by  a  corresponding 

J'*  sA.t   JT* 

T^t  the  current  due  to  e  be  /q,  dividing  into  /,  through  c,  and 
I2  through  B.  Let  7/  be  the  current  produced  by  the  e.  m.  f.  of 
self-induction  in  c,  and  dividing  through  the  branches  b  and  a^ 
and  let  ^i*  and  Zi*  be  the  equivalent  resistance  and  self-induction 
of  the  path  of  this  current.  Let  I^  be  the  induced  current  in  b, 
and  L^^  H^,  the  equivalent  self-induction  and  resistance  of  its 
path. 

Suppose  now  that  when  a  is  broken,  the  character  of  the  break 
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Fig.  9. 

is  such  that  /,  decreases  uniformly  during  T  the  time  of  duration 
of  the  spark.  If  we  plot  currents  as  ordinates  and  times  as 
a1)sciss8e  ia  Fig.  9,  we  may  represent  the  decrease  of  /,  and  /» 
by  the  straight  lines  Pi  q  and  P2  q  respectively,  where  o  q  repre- 
sents jT,  the  time  of  the  duration  of  the  spark. 

We  have  during  that  time  T,  Zj  /j  lines  of  force  in  the  field  of 
c,  due  to  /i,  uniformly  removed,  and  hence  we  have  a  uniform 
E.  M.  F.  acting  in  the  circuit  c  during  that  time,  equal  in  magni- 
tude to— ^^  At  any  instant,  then,  we  have  for  the  instantane- 
ous value  of  the  induced  current 
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and  if  lix  and  Zi^  were  constant,  tV  would  increase  according  to 
a  logarithmic  curve. 

Now  lii  is  not  even  approximately  constant.     For 

and  Hq  is  increasing  rapidly.  I^  may  be  represented,  then,  by 
some  curve  O  M^ ,  whose  form  will  vary  with  the  character  of 
the  spark,  rising  to  a  maximum  at  the  end  of  the  time  7",  and 
from  the  point  M^  dying  away  according  to  a  logarithmic  curve 
M^  JVy  whose  equation  is 

-^1  -\-  R»  ^ 

h    =  ^1    max.   X  ^         //,  +  Z, 

Similarly,  we  can  represent  the  induced  current  /j^  in  b  by  the 
curve  OMi,  during  the  time  of  the  spark,  and  J^  iT  afterwards. 

The  current  through  o,  at  any  instant,  is  the  resultant  of  7i , 
and  7i\  at  that  instant,  and  the  part  of  the  current  /^^  which  is 
then  flowing  through  c.  Denoting  the  instantaneous  value  of 
this  resultant  current  through  c  by  icj  we  have 


Ho 


2  1 


From  this  equation  we  see  that  since,  by  assumption,  i^  >  i,% 
ic  will  always  be  positive.     When  ij  =  0,  then  we  have  -= — ^-^- 

unity,  and  i^  =  ii^  —  i^^.     From  that  instant  at  any  time  t 

'^c  =   Ol    h)  at  end  ol  time  T    X   ^        //j  +  //, 

If  the  curve  Om2  M^  represents  the  proportion  of  i^  which 
flows  through  c,  i^  may  be  plotted  by  adding  at  each  instant  the 
coordinates  of  the  curves  O  Mi  N^  P^  Q  and  O  m^  M^  taken  with 
their  proper  signs.  The  resultant  curve  for  the  current  flowing 
in  c  will  he  P,P  N. 

Similarly  for  i|„  the  instantaneous  value  of  the  resultant  cur- 
rent in  B,  we  have 

Since  tV  ^^  increasingly  greater  than  «2S  ^his  equation  shows  that 
ifi  gradually  decreases  and  that  at  some  time  when 

R^ 


h  +  h'=   ..  r  ..  V , 
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tB  is  zero.  After  that  i'b  is  n^ative  and  gradually  increases  to  a 
maximum  at  the  end  of  the  time  T,     ^  is  then  zero,  ^o  infinite, 

R 

p    /  p   unity,  and  i'b  =  tj*  —  i/.     From  that   instant  i^  de- 

^0  +  -"2 

creases  to  zero  according  to  the  equation, 

_Ri+Rn  f 
*B  =  (^    —  hj  atendofUme  T   X  €       X|  + //,     * 

After  the  ending  of  the  spark,  we  thus  have  Ib  equal  in  magni- 
tude to  I'c.     If 

is  represented  by  the  curve  O  m,  Jfi ,  i^  will  be  represented  by 
the  curve  /*2-P-^^  whose  ordinates  at  any  instant  will  be  the  sum 
of  the  ordinates  I\T^  OMiN'oxxA  Om^M^  xV,  taken  with  their 
proper  signs. 


Fig.  10. 

The  curves  shown  in  Fig.  9  must  be  accepted  as  merely  illus- 
trations of  the  form  the  current  curves  might  assume  under  cer- 
tain conditions.  Since  they  are  obtained  on  the  assumption  that 
the  current  I^  dies  away  uniformly,  it  is  scarcely  to  be  expected 
that  the  photographs  obtained  of  the  current  through  b  during 
the  "break"  would  agree  in  detail  with  the  curve  drawn  above. 
Since  in  the  present  investigations  the  resistance  of  the  branch 
B  was  300  times  that  of  o,  no  attempt  could  be  made  to  draw  the 
curves  in  Fig.  9  to  represent  the  magnitude  of  the  currents 
in  B  and  o  during  this  investigation  without  destroying  the  clear- 
ness of  the  figure. 

It  has  been  difficult  to  obtain  photographs  of  1^  which  are 
distinct  enough  to  reproduce  for  publication.  For  the  current 
curve  is  irregular,  and  since  the  needle  possesses  some  inertia, 
the  very  sudden  changes  in  the  current  produce  vibrations  which 
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are  difficult  to  photograph.  It  has  therefore  been  necessary,  in 
order  to  reproduce  the  faintest  of  these  curves,  to  print  from  posi- 
tives on  bromide  paper  and  sketch  in  the  outline  obtained. 

Fig.  10  (1)  (2)  show  current  curves  for  the  branch  b,  reproduced 
in  this  way.  The  curves  are  traced  from  right  to  left.  The 
straight  part  of  each  curve  at  the  beginning  is  the  steady  deflection 


1 


Fig.  11. 

of  the  needle  from  zero,  representing  the  current  flowing  before 
the  break.  This  deflection  was  to  the  left,  and  hence  appears 
below  the  zero  line,  as  viewed  in  Fig.  10.  The  point  where  the 
break  begins  is  clearly  marked  by  a  sudden  deflection  toward  the 
zero  line.  From  that  point  the  curve  dies  away  to  the  zero  line, 
crosses  it,  rises  to  a  maximum  on  the  other  side,  and  from  there 


Fig.  12. 

falls  to  zero  by  a  curve  logarithmic  in  form.  The  marked  vibra- 
tion of  the  needle  at  or  near  its  point  of  maximum  deflection  is 
striking,  and  shows  that  at  that  instant  the  current  suddenly 
changes  in  magnitude. 

From  the  curves  obtained  in  Fig.  9,  we  see  that  the  current 
curve  for  b  undergoes  such  a  change  at  the  pomt  ^^^V^t^  ^^ 
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have  supposed  the  spark  to  end,  and  we  therefore  might  conclude 
that  these  violent  vibrations  of  the  needle  in  Fig.  10  would  mark 
the  ending  of  the  spark  in  the  branch  a.  This  conclusion  is  sup- 
ported by  Fig.  12,  in  which  (3)  represents  another  current  curve 
for  the  branch  b,  while  (1)  and  (2)  show  current  curves  for  a  and 
0,  which  were  obtained  by  shunting  the  galvanometer  acrofc'S  a 
non-inductive  resistance  of  3.385  ohms,  first  in  the  branch  a,  and 
then  in  the  branch  c,  the  branch  b  being  kept  complete  and  of 
the  same  resistance  as  when  the  galvanometer  was  in  it. 
Since  these  photographs  were  obtained  consecutively  and  not 
simultaneously,  and  since  it  is  doubtful  if  two  sparks  can  be  ob- 
tained of  exactly  the  came  character,  these  curves  can  not  be 
rigorously  compared.    Considering  the  variable  nature  of  a  spark, 

the  close  agreement  between  the  time  at  which  the  spark  ends  in 
A  and  0,  as  shown  in  (1)  and  (2),  and  the  time  at  which   the 
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marked  disturbance  of  the  needle  occurs  in  b,  as  shown  in  (3), 
justify  the  above  conclusion.  Fig.  11  (1)  (2)  (3)  show  another 
such  group  in  which  the  agreement  is  not  so  exact. 

In  comparing  (2)  and  (3)  Fig.  12,  the  current  curves  for  c  and 
B,  it  might  appear  that  after  the  break  /^  is  zero,  while  1^  clearly 
does  not  reach  zero  for  an  appreciable  time.  But  we  have  seen 
that  after  the  break,  I^  and  I^  have  the  same  value !  The  ex- 
planation of  this  apparent  inconsistency  is  found  in  the  fact  that 
the  scale  to  which  I^  is  traced  is  twenty  times  as  great  as  that  to 
which  /c  is  traced,  and  hence  a  current  which  is  represented  by 
a  considerable  ordinate  in  the  one  case,  is  scarcely  noticeable  in 
the  other. 

Figs.  10  and  11  (3)  (4)  (5)  illustrate  the  effect  on  the  current 
through  B,  of  varying  I^ ,  the  current  through  a^  at  the  instant  of 
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breaking  the  circuit,  other  conditions  of  the  circuit  being  kept  as 
constant  as  possible.  In  Fig.  11  (5),  Iq  is  .75  amperes;  in  (4), 
1.5  amperes;  in  (3),  2.25  amperes,  and  in  Fig.  10(2)  and  (1), 
Iq  is  3.5  and  5.2  amperes,  respectively.  The  curves  show  us  that 
increasing  the  current  /q,  increases  the  duration  of  the  spark,  and 
the  maximum  point  to  which  the  current  curve  /b  rises. 

Fig.  13  illustrates  the  eflFect  on  I^  of  increasing  the  strength  of 
the  spring  in  the  circuit-breaker.     We  have  already  seen  in  Figs. 
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Fig.  14. 

6  and  7  that  increase  of  the  strength  of  the  spring  in  the  circuit- 
breaker  decreased  the  duration  of  the  spark.  The  curves  (1)  (2) 
(3),  taken  with  decreasing  strength  of  the  spring,  further  illus- 
trate this.  No  marked  effect  on  the  height  to  which  I^  rises  can 
be  noticed.  As  nearly  as  the  curves  can  be  measured,  (2)  and  (3) 
rise  to  the  same  height,  while  (1)  is  slightly  less  than  either. 

Figs.  14  and  15  illustrate  the  effect  on  I^  of  change  in  the 
£.  M.  F.  in  the  branch  a.,  the  current  i^,  and  speed  of  breaking 
being  kept  constant.     In  Fig.  14  (1)  E  is  300  volts,  in  (2),  170 
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Fig.  15. 

volts,  and  in  Fig.  15,  58  volts.  In  the  first  case,  the  spark  lasts 
.115  second;  in  the  second,  .066  second,  and  in  the  third,  .018 
second.  The  height  to  which  /^  rises  decreases  as  e  increases,  be- 
ing .4,  1.25  and  1.4  cms.  above  the  zero  line  in  the  three  cases, 
respectively. 

Since  the  resistance  of  the  branch  b  was  very  large  compared 
with  that  of  o,  the  one  being  1570  ohms  and  the  other  5.815 
ohms,   and    since  its  self-induction  was  negligible,  the  current 
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tlirough  the  fj^Iranometer  b  toaj  be  taken  na  a  meaenre  of  the 
difference  of  potential  between  the  points  f  and  a  (Fig.  4). 
Since  this  potential  difference  after  a  short  time  is  largely  dae  to 
the  induced  e.  h.  r.  id  the  branch  c,  and,  after  the  break,  wholly 
dae  to  it,  the  current  cnrve  for  b  may  be  taken  as  indicating  the 
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variation  of  this  induced  k.  u.  f.  during  the  break,  and  as  approx- 
imately representing  it  in  mognitade. 

From  the  carves  shown  above,  we  gather  that  the  arc  formed 

by  a  break  is  exceedingly  variable  in  character  and  duration,  and 

that  the  s.  h.  f.'b  indnced  by  the  break  vary  with  the  arc  formed. 

We  note  that  (o)  the  duration  of  the  are  depends  upon  : 

I.  The  current  flowing  at  the  instant  of  break.    The  variation 
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of  the  daration  of  the  arc  with  the  current,  as  calculated  from 
Figs.  10  and  11  (Table  I.),  is  shown  graphically  in  Fig.  16. 

TABLE  I. 


No. 


Kig.    6  (I) 

(2).      .. 

•*         (3).... 

Fig.    7  (i> 

(a) 

(3).     •• 
Fig.    8  (i» 

(a) 

Fig.  xo  (i) 

(a).... 

Fig.  12    (z) 

(a) 

h>.  ... 
Fig.  IX   (I)..   .. 

**         (a)...   . 

"         (3).   ••■ 
"         (4) 

Fig.  13  (i),..  . 
(a).   ... 

(3) 

Fig.  14  (it 

(2).... 

Fig.  15  (i) 


/o 

£ 

Amperes. 

Volu. 

5-a 

170 

5« 

170 

S.a 

170 

»  5 

X70 

5-9 

170 

5.a 

170 

a  15 

»69 

a»5 

X69 

5-5 

las 

3-4 

"5 

4.a 

xas 

4a 

las 

4.a 

xas 

a.x 

X9S 

a.x 

xas 

a.x 

185 

I  a 

12S 

.75 

xas 

a.75 

xas 

a.75 

las 

a.75 

xas 

a.as 

300 

a.a5 

170 

a.as 

58.5 

Termixxab 

of 

Ciicuit 

Breaker. 


Copper 

Brass 
ti 

Brass 
it 

Copper 
Zinc 
Zinc 
Brass 


Duration 
of  Spark, 
Seconds. 


Brass 

.« 

»i 
Brass 

.« 
*« 
%* 

Brass 
t* 

Brass 

t% 

Brass 


.06s 

.075 
.068 

.066 

.1X5 
.04a 
.046 

.C47 
.o6x 

.055 
.CS7 
.057 


.031 
.oa6 
.CIS 

.084 

.034 
.058 

.066 
.0x8 


Maximum 

P.  D  at 

poinuFAG 

Volts. 

Current 

Flowing 

Through  b 

Amperes. 

/ 

— 

— 

6a  .0 
57 -o 

.04a 
.038 

40.5 

.oa7 

46.  s 

.033 
031 

a5-5 

.0x7 

30.0 

.oao 

45.0 
465 

.030 
.031 

xso 

.0x0 

45.0 

.030 

51. 0 

.034 

II.  The  E.  M.  F.  of  the  battery  in  the  branch  a.  An  increase  of 
the  battery  k.  m.  f.,  other  things  being  equal,  always  increases 
the  duration  of  the  arc. 

III.  The  speed  at  which  the  terminals  of  the  circuit-breaker 
are  separated.  Increase  in  the  speed  at  which  the  terminals  of 
the  circuit-breaker  are  separated  hastens  the  destruction  of  the 
arc.     Figs.  13,  6  and  7  illustrate  this  point. 

IV.  The  metals  of  which  the  terminals  are  composed.  We 
have  seen  ift  Figs.  6  and  7,  that  a  break  by  copper  terminals 
i«  of  shorter  duration  than  a  break  from  brass.  A  break  with 
zinc  t€trminals  does  not  seem  to  differ  greatly  in  duration  from 
a  similar  break  with  brass. 

(5)  The  character  of  the  arc  formed  varies,  of  necessity,  with 
any  condition  that  affects  the  duration  of  the  arc.  In  particular, 
however,  zinc  terminals  seem  to  produce  a  very  irregular  arc. 
In  Fig.  8,  the  irregularities  in  the  current  curves  are  peculiar  to 
zinc  breaks.  The  curve  for  I^  with  zinc  terminals,  not  shown 
in  this  paper,  possesses  similar  irregularities. 

(<?)  The  E.  M.  F.'s  induced  by  the  break,  as  indicated  by  the  in* 
diiced  current  flowing  through  b,  vary  also,  of  necessity,  with  aoy 
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CODClitioD  that  affects  the  daration  of  the  spark.  The  maximam 
induced  b.  h.  f.  varies  with  : 

(1)  The  curreDt  flowiog  at  the  inetaDt  of  break.  From  Figs. 
10  and  11,  as  tabulated  in  Table  I.,  Fig.  17  is  plotted,  showing 
the  rariation  of  maximntn  induced  b.  h.  v.  with  the  current. 

(3)  The   E.   H.   V.  of  the  battery.      The   variation   is   shown 
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Fia.  17. 
in  Table  I.    Ad  increase  of  e.  h.  r.  prolongs  tlie  duration  af  the 
apark  and  prevents  a  high  induced  e.  h.  f. 

(8)  The  epeed  of  breaking.  Owing  to  the  vibrations  of  the 
needle,  the  height  to  which  the  carve  actually  rises  is  difficult  to 
determine.  There  seems  to  be  very  little  difference,  however, 
between  them  curves  in  this  respect.      Other  experiments,  how- 
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«ver,  described  below,  show  that  the  maximum  induced  e.  m.  f. 
increases  with  the  speed  of  breaking. 

The  apparatus  described  above  was  constructed  with  the  aid  of 
Mr.  W.  J.  Lester,  and,  with  his  help,  experiments  were  made  to 
determine  the  e.  m.  f.  induced  in  the  field  of  a  motor  when  the 
current  flowing  through  it  is  broken.  The  motor  used  was  a 
ThomsonHouston,  No.  3322,  Class  30  R.  500  volts.  The  field 
coils  in  parallel  had  a  resistance  of  2.05  ohms  and  a  self-induction 


Fig.  18. 

of  .15  henry.  The  arrangement  of  apparatus  was  as  before  (Fig. 
4),  0  being,  now,  the  field  of  the  motor  disconnected  from  the 
armature,  while  the  source  of  e.  m.  f.  in  a  was  lOO-volt  mains. 

In  order  to  hasten  the  destruction  of  the  arc,  in  some  of  the 
experindents  an  electro-magnet  was  placed  so  that  the  arc  formed 
in  a  magnetic  field.  Under  such  circumstances,  the  curves  ob- 
tained were  very  irregular  and  the  vibrations  of  the  needle  became 
so  great  that  it  was  found  necessary  to  drop  the  plate  more  slowly. 


Fio.  19 

in  order  to  get  greater  effect  on  the  plate.  By  means  of  a  pulley 
fixed  at  the  top  of  the  slide,  over  which  passed  a  cord  to  which 
was  attached  the  plate  holder  and  a  counter-weight,  any  desired 
speed  could  be  obtained. 

The  electro-magnet,  used  to  blow  out  the  arcs,  consisted  of  100 
turns  of  No.  18  b.  and  s.  copper  wire,  wound  on  wrought-iron 
pole-pieces  about  2.5  cms.  in  diameter,  on  which  were  mounted 
tapering  pole-tips.     This  magnet  had  been  previously  calibrated 
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ia  the  laboratory,  but  since  it  was  ineoDvetiient  to  place  the 
terminals  of  tlie  circuit- breaker  directly  between  pole-tips,  the 
Btrengtli  of  tlie  tna^etic  Held  could  only  be  estimated  very  ap- 
proximately. During  the  experiments,  the  etrengtb  of  the  field 
varied  probably  from  1,000  to  3,000  lines  per  eq.  eoi. 


Via.  22. 
Fig.  18  ie  one  of  the  curves  obtained.  An  interesting 
point  to  be  noticed  is  that  the  curve  passes  its  maximum  point 
before  the  spark  ends,  differing  in  this  respect  with  the  curves 
above.  Other  curves  were  obtained,  showing  thin  same  feature. 
I^  is  11  amperes,  the  dun^tion  of  the  spark  .05  seconds,  and  the 
maximum  induced  k.  m.  f.  365  volte. 
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Fig.  19  shows  ft  curve  obt^ned  wlieo  7^  is  42  amperes.  The 
Bpftrk  laste  mach  longer.  No  marked  disturbance  can  be  detected 
on  this  curve  to  mark  where  this  spark  ends,  but  only  a  slight 
vibration  after  the  drop  from  the  highest  point  of  the  carve. 
The  duration  of  the  spark  is  probably  .14  second,  and  the  maxi* 
mom  induced  e  m.  f.  265  volts,  which  is  lees  than  in  the  preceding 
case  when  I^  was  only  11  amperes. 

Fig.  20  shows  the  form  of  curve  when  the  plate  La  dropped 
slowly  and  the  arc  blown  out  by  a  magnet  Tj,  is  12  ampures,  and 
the  duration  of  the  spark  ,03  second  approximately.  The  maxi- 
mum induced  e.  u.  r.  is  500  volts. 

Fig.  21  is  a  similar  curve  obtained  when  TJ,  is  11.5  amperes  and 
the  strength  of  the  magnetic  tield  increased.  The  short  duration 
of  the  spark  and  the  violent  ending  are  noticeable. 
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Fig.  22  illustrates  a  very  irregular  break.  A  number  of  carves 
were  obtained  of  this  form  when  the  resistance  in  series  with  the 
voltmeter  was  33,000  ohms.  Further  investigation  is  required 
to  determine  the  cause. 

In  a  thesis  by  W.  J.  Lester  and  the  writer  (Sibley  College 
Library,  Cornell  University),  descriptions  and  photographs  of  all 
the  curves  obtained  may  be  found.  Table  II.  shows  data  of 
some  of  the  curves,  while.  Fig.  23  is  a  curve,  from  the  thesis, 
showing  the  variation  of  maximnm  induced  e.  m.  f.,  with  the 
duration  of  the  spark,  I^  being  constant  and  equal  to  20  amperes. 
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TABLE  II. 


N«. 

/  in  Field. 
Amperes. 

Duration  Spark. 

Induced  b.  m.  p. 
Volts. 

1 

ao.5 

.08 

430 

a 

31. a 

.07 

395 

3 

II 

•°5 

365 

4 

ao 

.08 

355 

S 

3« 

.oS 

390 

6 

4» 

.14 

a65 

7 

ao 

.oa 

475 

8 

ao 

.oa 

.S05 

g 

3« 

.03 

585 

lO 

3« 

.oa 

II 

11.5 

.04 

370 

la 

la 

•05 

490 

»3 

«3 

.05 

^95 

M 

>3 

.oa 

340 

15 

89 

.oa 

710 

The  results  presented  in  this  paper  must  be  accepted  as  illus- 
^trative  of  the  method  of  experimentation  adopted,  and  as  out- 
lining problems,  which  the  writer  hopes  to  be  able  to  investigate 
further.  Besides  a  further  investigation  of  the  points  already 
discussed,  other  equally  interesting  problems  present  themselves 
for  sohition,  such  as  the  effect  of  breaking  from  the  surface  of 
liquids,  the  effect  of  the  form  of  terminals  used,  and  the  varia- 
tion of  the  current  curve  in  each  branch  of  this  circuit,  as  the 
relation  between  the  resistances  of  the  branches  is  varied. 


Discussion. 

Prof.  Anthony  : — I  do  not  rise  to  discuss  the  paper  at  all,  but 
simply  to  express  my  gratification  that  the  subject  has  been 
brought  before  the  Institute.  About  a  year  ago,  I  saw  the  ap- 
paratus at  Cornell  University.  It  all  depends  on  the  extreme 
delicacy  of  the  little  magnet,  having  such  an  extremely  high 
period  of  vibration  of  its  own,  that  the  vibration  rate  is  entirely 
removed  from  the  results  that  are  obtained.  In  other  words,  it 
does  not  in  any  way  affect  the  results  that  are  obtained.  Before 
1  saw  this  apparatus,  however.  Prof.  Brackett,  of  Princeton,  had 
shown  me  a  somewat  similar  arrangement  of  his  own,  which  he 
had  been  at  work  upon  without  Knowing  anything  about  the 
work  being  done  in  the  same  direction  at  Cornell.  I  speak  of 
this  simply  to  call  attention  to  a  very  interesting  investigation 
which  he  was  making,  which  1  believe  has  also  been  carried  out 
with  this  apparatus.  By  the  use  of  two  mirrors,  one  placed  in  a 
coil  across  an  alternating  circuit,  and  the  other  in  a  coil  included 
in  the  alternating  circuit,  and  throwing  the  reflected  light  to  the 
same  point  when  the  mirrors  were  in  equilibrium,  he  was  able 
to  obtain  the  relation  between  the  alternating  electromotive  force 
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and  the  current  of  an  ordinary  alternating  machine.  He  had  a 
number  of  results  which  showed  that  very  nicely  under  diflEerent 
conditions.  One  mirror,  of  course,  would  vibrate  in  phase  with 
the  current ;  the  other  in  phase  with  the  electromotive  force. 

Mr.  a.  J.  WuRTS : — As  I  understand  the  speaker,  the  fluctua- 
tions with  brass  electrodes  were  quite  marked.  I  should  like  to 
ask  what  the  composition  of  the  brass  was  ? 

Dr.  Nichols: — It  was  commercial  brass.  I  do  not  know  the 
composition.  It  was  probably  rolled  brass.  I  should  say  it  was 
a  brass  and  not  a  bronze. 

[At  this  point  the  President  called  Vice-President  Steinmetz  to 
the  Chair.] 

The  Chairman: — Gentlemen,  after  this  interesting  paper,  I 
think  a  vote  of  thanks  should  be  given  to  Mr.  ]tfcKittricK  and 
Dr.  Nichols. 

[On  motion,  a  vote  of  thanks  was  tendered  to  the  gentlemen 
named.] 

]M[r.  Howell  : — 1  also  tliink  the  Institute  should  make  some 
expression  of  its  appreciation  of  the  labors  of  the  Committee,  in 
making  the  report  on  Standards  of  Light,  which  was  presented 
to  us  this  morning.     I  make  a  motion  to  that  effect. 

[The  motion  prevailed.] 

The  Chairman  : — In  the  name  of  the  Institute,  I  thank  the 
gentlemen  for  the  very  valuable  reports  submitted,  and  I  hope 
the  Committee  will  continue  their  work  on  Standards  of  Light, 
and  bring  it  to  as  satisfactory  a  conclusion. 

Dr.  Nichols  : — On  behalf  of  the  Committee,  I  should  like  to 
say  that  the  work  has  only  been  begun,  and  I  think  it  would  be 
quite  proper  for  the  Institute  to  withhold  its  thanks  until  it 
sees  wnether  the  Committee  succeeds  in  evolving  anything  from 
its  labors,  or  not. 

The  Chairman  : — While  the  work  of  the  Committee  has  not 
been  completed,  and  it  has  not  been  possible  yet  to  make  a  defi- 
nite recommendation  of  a  standard  of  light,  sufficiently  valuable 
work  has  been  done  and  embodied  in  the  report  under  discussion, 
with  regard  to  the  features  of  the  various  proposed  standards, 
the  sources  of  error  to  be  guarded  against,  and  the  relative  value 
of  the  different  proposed  systems,  so  that  I  think  the  Institute 
is  fully  justified  in  agreeing  upon  a  vote  of  thanks  to  the  Com- 
mittee. 

Mr.  Howell: — We  ought  to  thank  the  Committee,  at  leasts 
for  the  expression  of  inaccuracy  regarding  our  present  standard. 
I  read  this  week  in  a  paper  published  at  one  of  the  leading  tech- 
nical schools  of  this  country,  by  one  of  their  graduates,  who  is  a 
gas  engineer,  and  the  subject  was  Practical  Photometry,  or  Com- 
mercial Photometry.  It  described  the  photometric  apparatus 
used  in  gas  works,  and  it  concluded  by  saying  that  photometric 
observations  were  reliable  within  one  per  cent.,  wnich  is  very 
much  in  contrast  with  what  Dr.  Nichols  told  \\%  \)q\^  TEL<c^T\i\\iL%^ 
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THE  RECONSTRUCTION  OF  THE  PLANT  OF  THE 

CHICAGO  BOARD  OF  TRADE. 


BY  BION   J.  ARNOLD. 


When  the  writer  agreed  some  four  weeks  ago  to  prepare  a 
paper  on  the  reconstrnction  of  the  plant  in  question,  he  hoped  to 
he  ahle  to  present  to  the  Institute  to  day  some  records  of  its 
operation,  or  data  which  would  he  of  value,  but  owing  to  the 
delay  in  the  arrival  of  certain  parts  of  the  plant,  the  question  of 
operating  it  a  sufficient  length  of  time  to  secure  such  data  proved 
impracticable,  and  not  wishing  to  appear  before  tliis  body  with 
any  data  the  completion  of  which  did  not  extend  over  a  suffici- 
ent length  of  time  to  make  it  reliable,  he  must  confine  himself 
to-day  practically  to  a  description  of  the  plant,  with  the  expecta- 
tion of  presenting  to  this  Institute  at  a  later  date  the  I'ecords  of 
its  operation,  in  a  form  which  he  hopes  will  l)e  of  some  permanent 
value.  The  plant  involves  a  number  of  departures  from  the 
standard  lines  of  office  building  engineering,  and  if  the  results  of 
its  operation  are  as  successful  as  it  now  seems  they  will  be  after 
running  a  short  period,  the  annual  expenses  of  the  operation  of 
the  plant  will  be  reduced  from  $25,000  to  $15,000,  consequently 
its  operation  will  be  watched  closely  by  those  who  have  the  matter 
immediately  in  charge. 

The  writer  believes  that  all  the  energy  required  to  produce 
motion  and  light  in  an  office  building  should  l)e  developed  in  one 
set  of  steam  engine  cylinders  and  on  one  generator,  having,  of 
course,  one  set  of  cylinders  and  their  generator  in  reserve.  This 
set  of  cylinders,  together  with  the  working  parts  of  the  engine 
and  its  generator  connected  directly  to  it,  constitute  the  unit  which 
produces  the  energy  of  the  plant,  and  this  unit  felvo\sML\sfc  \x\a.^^\» 
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work  at  ite  maximum  economical  load  throughout  its  entire 
period  of  operation,  while  the  energy  from  the  unit  should  all  be 
utilized  during  its  running  time.  Having  this  idea  constantly  in 
view,  the  designer  of  this  plant  has  planned  to  follow  it  out  as 
closely  as  possible. 

The  old  plant  consisted  originally  of  six  horizontal  tubular 
boilers  operating  at  a  steam  pressure  of  about  75  to  80  pounds, 
and   driving  five  small   steam  engines  distributed  in  different 
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Fig.  1. 


parts  of  the  building,  together  with  the  necessary  steam  pumps^ 
air  compressors,  etc ,  used  for  feeding  the  boilers,  and  operating 
the  hydraulic  elevators.  Two  of  these  engines  were  belted  to  a 
line  shaft  and  drove  several  small  incandescent  and  arc  dynamos 
for  lighting  the  building.  The  three  other  engines  were  used  for 
driving  the  ventilating  fans,  three  of  which  were  located  in  the 
attic  and  two  in  the  basement,  and  were  driven  by  the  engine  by 
means  of  rope-drives  with  sheaves  and  ropes  running  at  various 
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angles  throughout  the  building.  The  elevators  were  driven  by 
two  horizontal  compound  direct-acting  pumps,  which  consumed 
from  80  to  100  pounds  of  water  per  horse-power  of  energy  de- 
livered to  the  elevator  cars.  It  became  apparent  after  an  ex- 
amination of  the  plant  that  if  the  steam  pressure  could  be 
increased  to  125  pounds  per  square  inch,  so  as  to  get  the  advan- 
tage of  drier  steam,  and  all  the  pumps  in  the  plant  which  were  con- 
suming steam  full  stroke  eliminated,  and  the  energy  of  the  plant 
produced  by  a  compound  condensing  engine  running  at  an 
economical  load,  that  a  large  reduction  in  the  operating  expenses 
of  the  plant  could  be  effected.  The  old  boilers  having  been  in 
use  for  about  nine  years,  were  almost  ready  to  be  condemned  by 
the  boiler  inspectors,  consequently  it  was  an  easy  matter  to  decide 
upon  replacing  the  boilers  with  heavier  ones  which  would  work 
at  the  above  pressure.  The  adoption  of  a  compound  condensing 
engine  to  work  under  this  increased  steam  pressure  was  a  natural 
sequence  which  enabled  the  energy  to  be  produced  with  the 
least  possible  coal  consumption.  After  quite  an  extended  investiga- 
tion it  was  decided  to  supplant  the  hydraulic  elevators  witli 
horizontal  screw  multiple  sheave  elevators,  as  the  investigation 
showed  that  these  machines  could  be  operated  for  considerable 
less  money  per  car  mile  than  the  hydraulic  machines,  under  the 
conditions  which  existed  in  this  plant.  The  operation  of  these 
elevators  in  practice  has  fully  proven  the  correctness  of  this  posi- 
tion. They  have  l)een  in  operation  about  four  months  now,  on 
an  average  consumption  of  4J  kilowatt-hours  per  car  mile,  and  as 
the  duty  required  of  them  is  exceptionally  heavy,  and  the  cars 
very  large,  this  showing  is  very  satisfactory. 

The  general  plan  of  the  plant  is  as  follows : 

Referring  to  Fig.  1,  which  represents  the  basement  of  the 
Chicago  Board  of  Trade,  the  relative  location  of  the  different 
machines  which  enter  into  the  plant  can  be  determined.  It  will 
be  seen  that  the  installation  consists  of  the  following : — Five  66x 
16  ft.  horizontal  tubular  boilers,  designed  to  carry  125  pounda 
pressure  per  square  inch;  two  150  h.  p.  horizontal  compound 
condensing  engines  running  at  275  revolutions  per  minute,  each 
directly  connected  to  a  75  k.  w.  direct  current  generator,  under  a 
special  system  hereinafter  described,  which  permits  of  either  or 
both  generators  being  driven  from  either  engine.  Four  horizontal 
30  H.  p.  multiple  sheave  elevators;  six  10  h.  p.  electric  motors, 
live  of  which  opemte  ventilating  fans,  and  one  the  machinery  in 
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the  machine  shop,  50-2000  o.  p.  constant  potential  arc  lamps  and 
600-16  0.  p.  incandescent  or  glow  lamps.  There  are  also  sixty- 
five  1600  ampere-hour  storage  cells,  and  the  necessary  switch- 
board and  connections  for  the  handling  of  the  above  machinery, 
all  of  which  is  more  distinctly  described  hereafter.  One  of  the 
<^ompoand  steam  pumps  has  been  retained  in  order  to  keep 
the  tank  on  the  roof  of  the  building  supplied  with  water  for  use 
in  the  wash-basins,  closets,  etc.  It  may  prove  advantageous  in 
the  future  to  substitute  for  this  an  electrically  driven  pump,  but 


Fio.  2. 


it  has  been  thought  best  not  to  discard  the  old  one  at  present,  in- 
asmuch as  it  is  already  on  hand. 

Fig.  2  represents  diagrammatically  the  main  leads  or  copper 
conductors  of  the  building,  used  for  the  operation  of  the  above  de- 
scribed electrical  machinery.  The  general  plan  is  clearly  shown 
by  the  diagram,  and  this  system  was  adopted  owing  to  the  fact 
that  the  building  was  so  constructed  that  two  main  flues  or  pas- 
sageways extending  from  the  basement  to  the  attic,  in  opposite 
portions  of  the  building,  and  near  its  centres,  were  available  for 
carrying  the  main  risers.  It  was  decided  to  place  in  these  pas- 
sageways vertical  risers  of  suflieient  carrying  capacity  to  conduct 
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the  total  amount  of  energy  required  for  the  nine  floors,  and  to 
join  the  floor  leads  or  secondary  mains  onto  each  of  these  risers 
at  their  ends.  With  this  arrangement  it  was  possible  to  feed 
the  secondary  mains  at  two  independent  points,  thus  equalizing 
the  pressure  to  better  advantage  and  making  the  plant  more  reli- 
able in  operation.  From  the  centre  of  these  vertical  risers,  or  at 
about  the  flf th  floor,  the  main  leads  drop  down  each  shaft,  thence 
extend  horizontally  on  the  ceiling  of  the  basement  to  the  switch- 
board. Each  of  these  mains  leading  to  the  centre  of  distri- 
bution in  each  shaft  is  of  sufficient  carrying  capacity  to  carry 
the  total  load  of  the  building,  exclusive  of  the  basement,  conse- 
quently if  a  fuse  blows  on  either  one  of  the  mains,  or  if  by  any 
accident  one  of  the  mains  should  become  broken  or  opened,  the 
other  main  will  carry  the  necessary  current  and  keep  the  lights 
operating  in  the  building.  This  precaution  was  taken  owing  to 
the  fact  that  business  matters  of  great  importance  are  transacted 
in  this  building,  and  the  loss  of  a  few  minutes  at  certain  times 
would  be  disastrous  to  the  men  who  operate  in  the  building, 
consequently  every  precaution  for  safety  and  reliability  had  to  be 
taken. 

The  basement  circuit  is  independent  of  the  above  described 
mains,  and  consists  of  {>ositive  and  negative  leads,  surrounding 
the  entire  basement  of  the  building,  from  which  are  tapped  the 
arc  and  incandescent  lights  used  in  the  basement.  The  motor 
circuits  are  closely  indicated  in  the  diagram,  and  are  independ- 
ent of  the  lighting  circuits,  and  are  so  planned  that  the  starting 
rheostats  of  the  motors  are  connected  on  the  switchboard  under 
the  control  of  the  engineer,  thus  making  it  possible  for  the  en- 
gineer to  start  or  stop  any  motor  in  the  building  without  leaving 
the  switchboard.  The  elevator  circuits  are  also  independent  of 
the  lighting  and  motor  circuits,  and  it  is  possible  to  throw  the 
current  on  or  off  any  elevator  at  the  switchboard.  The  batteries 
are  located  in  a  room  adjoining  the  main  engine  room,  and  con- 
nected with  the  switchboard,  as  shown  on  the  diagram. 

The  losses  in  wiring  circuits  of  the  building  are  computed  as 
follows:  Between  generator  and  switchboard,  one-half  of  one 
per  cent.;  between  switchboard  and  centre  of  distribution,  two 
and  a  half  per  cent.;  from  centre  of  distribution  to  secondary 
mains,  one  per  cent.;  between  secondary  mains  and  lights,  one 
per  cent. — making  the  total  loss  between  generator  terminals  and 
lights  live  per  cent. 
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Fig.  3  represents  largely  diagrammatically  the  switchboard  of 
the  plant.  From  this  it  will  be  noticed  that  the  plant  is  designed 
for  three  generators,  but  two  of  which  are  now  in  operation,  as 
they  are  sufficient  for  the  work.  The  lighting  'bus  bars  carry 
the  main  lighting  circuits,  controlled  by  switches  7,  8  and  9,  and 
also  the  motor  circuits  controlled  by  switches  1,  2,  3,  4,  5  and  6. 
In  the  main  lighting  'bus  bar  is  placed  a  recording  wattmeter, 
which  registers  all  the  energy  delivered  from  the  generator  to 
the  light  and  motor  portions  of  the  plant.  In  the  elevator 
'bus  bars  is  placed  another  recording  wattmeter,  which  registers 
all  the  energy  delivered  to  the  elevators  from  the  lighting  'bus 
bars.  With  this  arrangement  and  the  means  available  in  the 
plant  for  measuring  the  amount  of  coal  and  water  consumed, 
the  operators  are  enabled  to  keep  accurate  daily  records  of  the 
cost  per  kilowatt  of  the  energy  produced  and  delivered  by  the 
plant.  The  diagram  of  the  switchboard  clearly  shows  the  wind- 
ings of  the  different  generators  and  motors,  and  need  not  be  fur- 
ther explained. 

The  generators  are  connected  to  the  board  by  means  of  two 
switches,  one  of  which  is  a  triple- pole  double-throw  switch,  and 
is  arranged  so  that  when  thrown  into  the  upper  position  it  con- 
nects the  generator  to  the  elevator  'bus  bar,  using  the  compound 
winding  of  the  generators.  This  arfaugement  permits  the  gen- 
erator to  operate  the  elevators  and  take  care  of  the  variable  load 
without  the  use  of  the  batteries.  When  the  same  switch,  for  in- 
stance No.  13  or  15  on  the  accompanying  diagram,  is  thrown  in 
its  lower  portion,  the  circuits  are  so  arranged  that  the  compound 
or  series  winding  of  the  generator  is  cut  out,  and  the  equalizer 
connection  from  the  generator  becomes  the.  positive  connection, 
and  the  generator  is  connected  to  the  elevator  'bus  bars  shunt 
wound,  thus  eliminating  its  series  winding.  With  this  arrange- 
ment, the  generators  and  the  batteries  are  run  in  multiple  on  the 
elevator  load. 

Referring  now  to  the  i  ight-hand  part  of  the  board  which  is  the 
storage  battery  portion  proper,  the  operation  is  as  follows :  Under 
normal  conditions,  any  elevator  is  operated  shunt  wound  in 
parallel  with  the  batteries  by  closing  its  corresponding  switch,  as, 
for  instance,  swntch  15  for  dynamo  No.  3.  downward  the  15  h  po- 
sition. By  closing  switch  17  to  17  «  position,  the  current  passes 
from  the  positive  elevator  'bus  bar  to  the  hand  regulating  cell 
switch,  and  out  to  cell  No.  16,  when  the  regulator  is  placed  as  sho^xN. 
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on  the  diagram.  From  cell  16  the  current  passes  through  the  series 
of  cells  coming  out  at  the  negative  end,  thence  through  the  proper 
conductor  to  the  recording  ammeter,  tlience  to  the  overload 
switch  and  down  to  the  negative  terminal  of  switch  No.  17  a.  It 
will  now  be  seen  that  whatever  number  of  batteries  are  being 
operated  in  this  series,  are  in  parallel  with  the  generator.  The 
hand  regulator  is  placed  in  the  position  indicated  to  enable  the 
operator  to  cut  in  a  sufficient  number  of  cells  in  parallel  with  the 
generator,  so  that  the  cells  will  be  constantly  charging  during  the 
time  of  operation  of  the  elevators,  except  at  the  temporary  mo- 
ments of  overload  caused  by  an  excessive  demand  for  current  by 
the  elevators.  When  this  i)ull  from  the  elevator  occurs,  the  bat- 
teries respond  and  take  the  surplus  load  from  the  generator. 
With  this  arrangement,  about  fifty  of  the  cells  will  be  kept  coii- 
stantly  charged,  and  in  parallel  with  the  elevators.  In  case  the 
amount  of  current  entering  the  cells  is  excessive  between  the 
intervals  of  heavy  load  on  the  elevators,  the  hand  regulator  is 
adjusted  so  as  to  cut  in  one  or  more  cells  until  the  current  be- 
comes reduced  to  the  proper  amount  for  the  batteries  ;  and,  on 
the  other  hand,  if  the  amount  entering  the  cells  is  not  enough  to 
keep  them  properly  charged,  the  hand  regulator  is  adjusted  so  as 
to  cut  out  a  number  of  cells  until  the  proper  amount  of  current 
is  reached.  In  the  meantime,  if  the  15  end  cells  require  charg- 
ing, they  are  charged  by  means  of  the  independent  booster  or 
motor  generator  in  the  manner  hereinafter  described.  All  the 
batteries  can  be  operated  in  parallel  with  the  generators  when 
running  shunt  wound,  in  the  same  manner  as  they  are  used  in  con- 
junction with  the  elevator  'bus  bars,  by  closing  switcli  17  down- 
ward to  position  17  h.  The  connections  for  same  can  be  easily 
followed  on  the  diagram. 

In  order  to  operate  the  batteries  in  parallel  with  both  the  light- 
ing and  the  elevator  'bus  bars  at  the  same  time  and  maintain  a 
practically  constant  voltage  on  the  lighting  'bus  bars,  it  is  neces- 
sary to  operate  the  generators  shunt-wound  instead  of  compound- 
wound.  As  before  shown,  the  switches  are  so  arranged  that  the 
compound  winding  of  the  generators  can  be  utilized  when  the 
batteries  are  not  in  service,  and  the  shunt  winding  used  when  the 
batteries  are  being  run  in  parallel  with  the  elevators  and  lights. 
Therefore,  to  maintain  a  practically  constant  voltage  on  the  light- 
ing 'bus  bars  and  to  run  the  elevators  in  parallel  with  the  bat- 
teries at  the  same  time,  the  operation  is  as  follows : — Switch  17  a 
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is  closed  upward  and  operates  as  previously  described  in  conjunc- 
tion with  the  elevators  and  batteries.  Switches  10,  12  and  14 
are  open  to  prevent  the  generators  operating  compound-wound 
on  the  lighting  'bus  bars.  Switch  16  is  closed  and  the  current 
passes  as  follows : — From  the  positive  elevator  'bus  bar  through 
the  switch  17  a  to  the  centre  of  the  hand  regulating  switch,  thence 
through  the  connection  from  the  hand  regulating  switch  to  the 
corresponding  cell  (shown  on  the  drawing  as  cell  16)  thence 
through  the  series  of  49  cells,  out  through  the  negative  end  and 
its  corresponding  connection,  through  the  recording  ammeter  and 
overload  switch,  to  the  negative  side  of  switch  17  a,  thence  to 
the  negative  elevator  'bus  bar.  It  should  be  borne  in  mind  that 
the  lighting  'bus  bars  and  the  elevator  'bxis  bars  are  operating  at 
different  potentials,  and  that  the  potential  on  the  elevator  'bus 
bars  is  changing  slightly  with  the  change  of  load,  caused  by  vari- 
able load  on  the  elevators.  When  the  demand  for  current  from 
the  cells  is  great,  as  for  instance  when  the  elevator  load  is  severe, 
the  K.  M.  F.  of  the  number  of  cells  in  parallel  with  the  elevators 
necessarily  drops,  consequently  the  e.  m.  f.  of  the  number  of  cells 
in  parallel  with  the  lighting  bars,  which  includes  all  the  cells 
working  with  the  elevators,  and  a  few  of  the  regulating  cells, 
would  correspondingly  drop,  and  some  means  must  be  provided 
to  hold  up  the  voltage  of  the  lighting  'bus  burs.  This  is  accom- 
plished by  means  of  the  automatic  regulator  which  is  controlled 
by  a  solenoid  switch,  shown  in  the  upper  right  hand  portion  of 
the  diagram.  This  solenoid  switch  operates  by  means  of  suitable 
connections  to  the  lighting  'bus  bars,  in  such  a  manner  as  to  make 
and  break  the  circuit  through  mercury  cups  as  follows : — When 
the  voltage  of  the  lighting  'bus  bars  is  reduced  slightly,  one  side 
of  the  field  of  a  right  and  left  hand  motor  is  thrown  in,  which 
causes  the  arm  of  the  automatic  regulator  to  move  clock-wise, 
thus  cutting  in  more  cells  in  parallel  with  the  lighting  'bus  bars 
and  holding  the  e.  m.  f.  up.  When  the  e.  m.  f.  of  the  lighting 
'bus  bars  reaches  its  proper  voltage  and  tends  to  exceed  it,  the 
solenoid  acts  in  the  opposite  direction  and  cuts  in  the  left  hand 
field  of  the  automatic  regulator  motor,  and  brings  the  left  hand 
field  into  service,  causing  the  automatic  regulator  to  rotate  con- 
tra-elock-wise,  thus  cutting  out  cells  until  the  voltage  reaches  the 
desired  point.  By  this  means  a  constant  e.  m.  f.  is  maintained 
on  the  lighting  'bus  bars,  and  the  cells  are  worked  in  parallel 
with  both  the  lighting  and  elevator  'bus  bars. 
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It  will  be  evident  that  the  1 5  end  cells,  or  at  any  rate  a  por- 
tion of  them  when  working  in  this  manner,  will  become  dis- 
charged through  the  day's  run.  After  the  batteries  are  cut  oflf  from 
the  light,  these  end  cells  are  re-charged  as  follows :  Switch  No. 
23  is  closed,  thus  throwing  in  the  booster  motor..  As  soon  as  the 
booster  dynamo  is  brought  up  to  speed,  the  underload  switch  is 
closed,  and  switch  No.  22  closed  upward,  the  operation  then  be- 
ing as  follows :  From  the  positive  brush  of  the  generator  end  of 
the  booster,  which  is  producing  energy  at  a  low  voltage,  the  cur- 
rent passes  through  the  proper  conductor  to  the  centre  of  the 
automatic  regulator;  thence  out  through  the  regulator  arm  to 
segment  No.  1,  and  through  its  proper  connection  to  cell  No.  1 ; 
thence  through  the  first  15  cells  to  the  wire  leading  off  between 
the  fifteenth  and  sixteenth  cell.  From  this  point  it  passes  along 
the  conductor,  through  switch  No.  23  to  the  underload  switch ; 
and  from  the  underload  switch  back  to  the  negative  side  of  the 
booster  generator.  By  means  of  a  field  rheostat,  located  on  the 
switchboard,  the  e.  m.  f.  of  the  booster  generator  is  regulated  and 
adjusted  to  correspond  to  the  number  of  end  cells  which  are 
being  charged. 

To  charge  all  the  cells  in  series  from  one  of  the  main  genera- 
tors, it  is  necessarv  to  increase  the  e.  m.  f.  a  sufiScient  amount  to 
overcome  the  total  voltage  of  the  cells.  This  is  done  by  placing 
the  generator  portion  of  the  booster  or  motor-generator  in  series 
with  the  main  generator  as  follows :  Switch  No.  23  is  closed,  thus 
throwing  in  the  booster  motor  and  at  the  same  time  energizing 
the  fields  of  the  booster  dynamo.  The  booster  motor  is  now 
started  by  means  of  its  rheostat  and  brought  up  to  speed.  Switch 
No.  22  is  closed  downward,  the  path  of  the  current  then  being 
as  follows :  From  positive  lighting  'bus  bar  through  switch  22, 
to  the  underload  switch,  thence  to  the  negative  brush  of  the 
booster  dynamo,  out  through  the  positive  brush  to  centre  of  the 
automatic  regulator,  through  this  arm  to  segment  No.  1,  and 
thence  through  suitable  connection  to  cell  No.  I ;  through  the  entire 
series  of  cells  to  the  negative  lead,  thence  through  the  recording 
ammeter  and  overload  switch  ;  back  through  switch  22  to  the 
negative  lighting  'bus  bar.  The  operations  for  manipulating  the 
entire  plant  being  then  as  follows : — 

To  charge  all  the  cells  in  series  with  the  main  generator  by 
means  of  the  booster:  Open  switches  16  and  17  and  close 
switches  23  and  22  down. 
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that  each  engine  is  operating  an  independent  unit  direct  coupled 
generator  without  revolving  any  more  shafting  or  machinery 
than  is  usual  in  ordinary  independent  unit  direct  coupled  plants, 
inasmuch  as  the  quills  which  surround  the  auxiliary  shaft  £  do 
not  come  in  contact  with  it,  but  have  a  clearance  of  one-quarter  of 
an  inch  all  around  it.  If  from  any  cause  it  becomes  desirable  to 
drive  the  left  hand  generator  from  the  right  hand  engine,  it  is 
done  as  follows :  In  the  openings  v^  three  of  which  are  provided 
120°  apart,  are  placed  taper  bolts  which  couple  the  auxiliary 
shaft  E  solidly  on  the  engine  shaft  a  by  means  of  disk  //.  Taper 
bolts  are  also  placed  in  spaces  w,  which  couples  shaft  e  to  the 
quill  of  the  left  hand  generator.  By  removing  bolts  u,  which 
disconnect  the  left  hand  generator  from  the  left  hand  engine,  the 
left  hand  generator  can  now  be  driven  from  the  right  hand 
engine,  and  the  right  hand  generator  continues  in  operation  from 
the  same  engine,  if  desired.  By  removing  u^  the  right  hand 
generator  becomes  disconnected  from  the  right  hand  engine,  and 
the  left  hand  generator  is  being  driven  from  the  right  hand 
engine.  In  the  same  manner  the  right  hand  generator  can  be 
driven  from  the  left  hand  engine,  or  both  generators  from  either 
one  of  the  engines.  By  using  compound  engines,  so  designed 
that  by  working  high  pressure  steam  in  the  low  pressure  cylinder, 
one  engine  can  be  made  to  double  its  power  for  a  few  hours. 
The  plant  has  thus  the  total  generator  capacity  available  at  all 
times,  and  allows  one  engine  to  be  in  reserve  for  repairs,  thus 
doing  away  with  the  investment  of  the  third  unit,  which  is  usu- 
ally carried  in  such  plants  for  safety.  The  system,  when  used 
without  the  battery  auxiliary,  instead  of  being  provided  with 
bolted  connections  as  here  shown,  is  provided  with  magnetic 
clutches,  which  permit  the  generators  to  be  brought  up  to  speed 
as  motors,  and  thrown  in  connection  with  the  engines  without 
stopping  either  engine  in  use.  This  makes  it  possible  to  connect 
either  generator  with  either  engine  without  shutting  down  the 
plant  in  any  part.  With  such  an  arrangement,  with  the  engine 
and  generators  equal  to  the  maximum  capacity  of  the  plant,  and 
battery  auxiliary  equal  to  one-third  the  capacity  of  the  plant,  any 
office  building  can  be  operated  in  the  most  economical  manner, 
according  to  the  writer's  belief,  for  when  the  battery  is  in  oper- 
ating order,  one  unit  in  conjunction  with  the  battery,  handles  the 
plant  economically  and  satisfactorily,  leaving  one  engine  unit  in 
reserve.     In  C6we  the  battery  is  out  of  service,  both  units  can  be 


1896]  ARNOLD  ON  BOARD  OF  TRADE  PLANT.  285 

operated  until  the  battery  is  ready  for  service  again,  and  dimng 
the  light  load  period  the  battery  auxiliary  takes  care  of  the  entire 
service  of  the  building,  without  the  use  of  either  the  engine  or 
generator  units. 

The  engines  are  operated  during  the  summer  compound  con- 
densing, by  using  a  cooling  pan  system  and  siphon  condenser,  as 
shown  in  section  at  the  right  hand  of  Fig.  1.  With  this  arrange- 
ment the  condensing  water  is  cooled  by  means  of  the  72  '^  venti- 
lating fan  which  is  in  operation  during  the  entire  16-hoar  run  of 
the  plant,  and  is  used  for  ventilating  the  building.  It  was  thought 
advisable  to  utilize  the  air  from  this  fan  for  cooling  the  water, 
inasnmch  as  the  energy  for  driving  the  fan  had  to  be  produced, 
and  utilizing  the  air  from  the  fan  would  not  entail  any  additional 
expenditure  of  energy  upon  the  plant  over  that  required  under 
ordinary  conditions.  The  condenser  is  placed  near  the  ceiling  of 
the  boiler  room  and  delivers  into  the  standpipe  extending  down- 
ward into  a  pit  about  35  feet.  From  the  bottom  of  the  pit  a 
direct  acting  deep  well  pump  lifts  the  water  and  delivers  it  to 
the  cooling  pans.  From  the  cooling  pans  the  water  reachea 
through  suitable  piping  the  cistern  shown  on  Fig.  1.  From  this 
cistern  the  injection  pipe  from  the  condenser  leads.  For  thia 
reason  the  plant  will  operate  about  six  months  of  the  year  com- 
pound condensing,  and  during  the  balance  of  the  year  compound 
non-condensing,  when  the  steam  from  the  engines  will  be  run  into 
the  mains  of  the  building  and  used  for  steam  heating. 

Fig.  6  represents  the  load  diagram  of  this  plant.*  The  parallel- 
ogram A,  B,  c,  D,  representing  the  total  capacity  in  kilowatt  hours 
of  one  of  the  generator  units,  assuming  that  the  unit  starts  at 
seven  o'clock  a.  m.  and  operates  until  eleven  o'clock  p.  m.  The  line 
a,  5,  c,  rf,  e^fy  g^  //,  i,^,  i*,  Z,  //?.,  represents  the  load  line,  or  energy 
required  by  the  building  during  the  same  period.  That  portion 
of  the  diagram  shaded  with  lines  inclining  to  the  right  at  an  angle 
of  4:5  °  represents  the  amount  of  energy  passing  into  the  bat- 
teries, while  the  portion  of  the  diagram  represented  by  shade 
lines  inclining  to  the  left  at  an  angle  of  45  °  represents  the  amount 
of  energy  delivered  from  the  batteries.  It  will  be  noticed  that 
from  11  p.  M.  until  7  a.  m.  the  entire  load  of  the  plant  is 
operated  by  the  batteries  alone.  With  this  arrangement  but  two 
shifts  of  labor  are  required,  one  operating  from  7  a.  m.  until  3 
p.  M.,  and  the  other  from  3  p.  m.  until   11  p.  m.     From  11  p.  m. 

1.  For  this  diHgram  see  p.  648,  vol.  xii. 
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until  morning  during  the  winter  the  watchman  acts  as  fireman 
for  the  boilers  to  maintain  the  steam  heat  in  the  building.  This 
•diagram  having  previously  been  illustrated  in  the  Transactions 
of  the  Institute  November  1 895,  it  will  not  further  be  described 
here,  except  to  state  that  the  various  lines  shown  on  the  diagram 
represent  the  loads  of  the  different  motors,  elevators,  etc.,  and  the 
periods  during  which  they  opemte.  The  writer  hopes  in  the  fu- 
ture to  present  to  the  Institute  a  new  diagram  representing  the 
actual  load  lines  of  the  plant,  compiled  from  statistics  covering 
its  operation  for  a  considerable  length  of  time,  and  it  will  then 
be  interesting  to  compare  the  actual  diagram  with  this  one  which 
was  prepared  before  starting  to  design  the  plant. 


Discussion. 

Mr.  Woloott  : — I  would  like  to  ask  Mr.  Arnold  whether  it 
would  be  cheaper  to  use  some  gas  now  in  that  building  or  to  use 
the  battery  a  little  more  and  dispense  with  the  gas.  He  says 
isome  gas  is  used,  as  I  understand  him.  I  notice  that  there  is  a 
sudden  drop  in  the  load  at  5:30  p.  m.  when  the  gas  is  turned  on, 
and  that  allows  the  surplus  current  to  go  into  the  battery.  If 
that  gas  were  not  used,  the  diagram  would  be  of  a  considerably 
different  shape. 

Mr.  Arnold  : — This  diagram  was  prepared  in  my  office  before 
the  method  of  re-constructing  the  plant  was  decided  upon,  and 
the  various  lines  represent  the  different  motors,  elevators,  etc.,  as 
we  supposed  they  would  operate  in  practice.  The  point  marked 
"gas  turned  on"  is  the  time  they  turn  the  gas  on  now, — not 
what  it  will  be  in  operation,  because  we  propose  to  turn  the  gas 
off  entirely.  This  diagram  was  prepared  over  a  year  ago.  In  all 
probability,  within  six  months  from  now  I  will  be  able  to  give 
you  a  diagram  showing  what  the  actual  load  line  of  the  j)lant  is. 

Mr.  J.  W.  LiEB,  Jr  : — 1  would  like  to  ask  Mr.  Arnold  why  it 
is  that  in  the  plant  he  describes  the  peak  of  the  load  occurs  be- 
tween 11  A.  M.  and  1  p.  M 

Mr.  Arnold  : — That  is  the  time  when  the  people  connected 
with  the  Chicago  Board  of  Trade  are  most  excited.  The  Board 
opens  at  9.30  o'clock  in  the  morning.  At  12.30  they  go  to  their 
offices  and  figure  up  what  they  have  made  or  lost,  consequently  the 
office  lights  are  used  most  at  this  time,  and  some  of  tne  motors 
shown  running  at  this  particular  period  are  shut  off  at  a  later 
period,  which  also  accounts  for  a  part  of  the  load. 

Mr.  Ries  : — I  would  like  to  ask  Mr.  Arnold  to  explain  a  little 
more  fully  the  precise  conditions  under  which— referring  to 
Fig.  5— one  steam  engine  is  cut  off  and  the  other  one  is  con- 
nected to  the  intermediate  shaft  to  drive  both  dynamos.  It  would 
seem   that  this  arrangement  would  not  prove  very  practicable 
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under  full  loads,  unless  the  engines  are  each  capable  of  being 
worked  to  double  their  normal  capacity,  thereby  reauiring  larger 
engines  than  would  be  employed  in  ordinary  direct-ariving  instal- 
lations. But,  perhaps,  Mr.  Arnold  may  have  special  reasons  for 
the  construction  illustrated.     What  is  tne  object  of  that? 

Mr.  Arnold: — That  is  a  condition  that  sometimes  arises. 
Suppose  one  engine  and  the  generator  attached  to  the  other  en- 
^ne  should  become  disabled,  your  plant  would  then  be  com- 
pletely shut  down  if  independent  units  were  employed,  unless 
you  had  a  third  unit  to  put  in  operation.  Such  a  thing  is  liable 
to  happen,  and  it  is  for  this  emergency  that  this  arrangement  is 
specially  adapted,  although  there  are  other  advantages 

Mr.* Kirs: — Then  my  understanding  of  the  matter  is  correct 
in  assuming  that  each  engine  is  only  of  sufficient  power  to  operate 
one  of  the  two  dynamos  at  a  time,  and  that  it  is  only  in  case  of 
the  disablement  of  one  of  the  engines  a^d  the  opposite  dynamo 
that  the  combination  alluded  to  is  supposed  to  be  utilized. 

Mr.  Arzjold  : — 8u]>pose  the  battery  should  be  out  of  service 
and  one  engine  should  become  disabled.  You  would  then  be 
obliged  to  have  the  full  capacity  of  l)oth  generators  to  operate 
the  plant.  The  way  these  engines  are  designed  and  pipea,  you 
<jan  double  the  capacity  of  either  engine,  and  drive  both  pener- 
ators  to  their  full  capacity  from  either  engine,  while  the  break- 
down is  in  existence. 

Mr.  KiEs: — Isn't  this  .construction  somewhat  complicated,  as 
against  the  use  of  a  separate  engine  and  dynamo  held  as  reserve? 

Mr.  Arnold: — No,  it  is  not  complicated,  costs  very  much  less 
money  than  a  third  unit,  and  gives  the  same  reliabilit3^ 

Mr.  IiiE3 : — Then  the  magnetic  clutch,  to  which  you  referred. 
I  suppose  that  it  is  intended  to  disconnect  the  disabled  engine  from 
the  main  shaft,  leaving  the  internal  shaft  to  drive  both  dynamos? 

Mr.  Arnold: — Yes,  sir. 

Mr.  Ries  :  -And  as  to  the  magnetic  clutch  connecting  the  in- 
termediate shaft  ? 

Mr.  Arnold  : — That  is  a  double  clutch  whereby  you  can  C'»n- 
nect  either  generator  to  its  corresponding  engine,  or  you  can  also 
connect  the  interior  shaft  to  either  engine,  or  connect  either 
generator  to  the  interior  shaft.  It  works  both  wavs.  I  want  to 
state  that  I  do  not  wish  too  much  stress  to  be  put  upon  this 
magnetic  clutch  question  at  this  time,  because  I  have  not  yet 
developed  it  to  a  point  where  1  am  able  to  say  what  it  will  or 
will  not  do;' but  I  thoroughly  believe  in  such  clutches,  and  am  now 
engaged  in  developing  a  formula  to  build  them  by.  The  other  me- 
chanical connections  are  now  in  operation,  and  they  are  successful. 

Mr.  Ries  : — 1  simply  wanted,  Mr  Chairman,  to  get  a  little 
further  explanation  as  to  the  reasons  for  this  peculiar  construction. 

Mr.  Arnold: — There  are  a  number  of  advantages  to  this 
thing,  which,  as  the  plant  increases  in  size,  become  apparent.  I 
have  not  said  anything  about  them  in  this  paper.     Tha  '^^.^^x 
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was  prepared  simply  to  show  the  general  plan  of  the  plant,  and 
this  arrangement  being  somewhat  of  a  hobby  of  mine,  I  have 
mentioned  it  as  little  as  possible,  except  enough  to  give  the 
general  idea  of  its  make  up. 

Mr.  Uocglass  BuRNErr : — We  are  bound  to  admire  the  care 
which  Mr.  Arnold  has  bestowed  upon  all  the  details  of  this  plant, 
and  observing  that  a  great  deal  of  information  is  available,  1 
desire  to  draw  upon  him  for  a  little  of  it. 

First, — as  to  any  trouble  he  may  have  experienced  with  motor 
load  ;  is  not  a  large  proportion  of  the  output  between  11  a.m. 
and  1  p.  M.  absorbed  by  motors,  and  does  he  find  it  desirable  at 
that  time  to  run  separate  engines  for  the  two  classes  of  service — 
liirhting  and  power  ?  Under  those  panicky  conditions  to  which  he 
refers,  what  is  the  maximum  number  of  amperes  which  he  might 
be  called  upon  to  supply  ? 

The  car  mile  consumption  of  his  elevators  has  been  given  on 
page  273  as  4i  x.  w.  hours.  I  very  much  wish  that  that  number 
of  K.  w.  hours  could  be  translated  into  cents ;  in  other  words, 
what  does  current  cost  him  per  k.  w.  hour? 

Finally,  as  to  the  load  curve:  How  does  this  theoretical  dia- 
gram work  out  in  practice?  Does  it  coincide  substantially  with 
one  which  would  be  obtained  by  observation  ?  We  presume  that 
it  was  desip^ned  for  a  winter's  day, — that  is,  maximum  condition, 
and  not  for  the  average  of  an  entire  year.  We  trust  that  Mr. 
Arnold  will  enlighten  us  upon  these  points. 

Mr.  Arnold  :-  The  black  line  represents  the  total  load  of  the 
plant  on  an  ordinary  day.  The  dotted  line  above  represents  the 
maximum  load  of  the  plant  on  a  dark  day.  In  other  words,, 
our  Chicago  weather  is  so  uncertain  that  it  very  often  happens 
that  the  sun  may  be  shining,  and  suddenly  a  cloud  will  come  up 
and  darken  the  sky  over  the  city,  so  that  all  the  lights  in  the 
building  will  need  to  be  turned  on.  It  is  under  those  conditions 
that  the  upper  dotted  line  was  prepared.  In  that  case  the  plant 
would  be  at  full  load,  but  the  surplus  would  have  to  come  from 
the  second  generator  or  battery  auxiliary.  That  is  another  case 
where  the  second  generator  would  be  run  by  the  opposite  engine. 
The  average  light  day  load  is  shown  by  the  dotted  line  immedi- 
ately under  the  heavy  line;  the  other  being  the  maximum  or 
dark  day  load.  Both  engines  and  generators  will  handle  the 
maximum  day  load  conveniently.  One  generator  and  the  bat- 
tery auxiliary  will  handle  the  maximum  load  without  difficulty* 

I  hope  to  be  able  to  get  the  cost  for  fuel  down  to  a  sum  not  ex- 
ceeding 1^  cents  per  k.  w.  hour.  At  some  stations  we  are  doing 
it  at  four-tenths  of  a  cent  per  hour,  where  bituminous  slack 
coal  is  worth  ninety  cents  per  ton.  I  think  1  will  be  able  to  show 
the  Institutk,  in  six  months  from  now,  a  record  of  cost  of  coal 
per  kilowatt  hour  of  one  cent  from  this  plant.  Under  those  con- 
ditions, four  and  a  quarter  cents  per  kilowatt  hour  means  four 
and  a  quarter  cents   per  car   mile  of  travel  on  the  elevators.. 
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Adding  to  that  the  cost  of  labor,  I  think  1  will  show  you  a  record- 
of  running  those  elevators  at  a  cost  not  exceedintr  eleven  or  twelve 
cents  per  car  mile,  whereas  it  is  now  costing  eighteen  to  twenty 
cents  per  car  mile  for  hydraulic  elevators.  In  this  connection  I 
will  state  that  I  have  tested  a  number  of  electric  elevators  in 
Chicao^o,  for  one  of  the  large  elevator  corporations,  and  I  lind 
that  the  consumption  of  energy  per  car  mile  of  travel  varies  from 
four  to  eleven  kilowatt  hours.  1  hope  to  be  able  to  operate  these 
cars  at  a  cost  of  not  over  six  cents  per  car  mile  for  fuel  alone. 
This  ir,  nothing  but  what  anybody  could  do  who  would  take  these 
conditions  and  study  them  and  make  the  most  of  everything 
available. 

Mk.  Huknett  : — We  thank  Mr.  Arnold  very  much.  However, 
we  wish  he  could  state  the  actual  maxi4num  current  required  to 
nm  the  elevators  in  that  building.  I  should  also  like  to  ask  if  he 
can  give  us  the  total  kilowatt  hours  generated  during  a  year. 

Mr.  Aknold  : — I  do  not  know  that  there  is  any  hesitancy  on  my 
part  in  giving  that  information.  The  current  taken  by  the  two 
machines  now  in  operation, — I  mean  the  starting  current, 
when  starting  a  live  load  of  8000  pounds,  together  with  the 
weight  of  tlie  car, — reaches  a.^  high  as  (iOO  amperes  at  125  volts. 
That  is  the  service.  It  should  be  borne  in  mind,  that  the  par- 
ticular elevators  there  in  use  consume  no  current  on  the  down 
trip;  ccmsequently  the  average  consumption  of  current  per  car 
mile  is  low  as  compared  with  some  elevators  which  consume 
current  both  going  up  and  coming  down,  although  not  so  high  a 
starting  current.  The  figures  of  4t\  kilowatt  hours  per  car  mile 
are  correct,  because  they  are  taken  from  a  wattmeter  which  haa 
been  running  now  for  four  months.  Indeed,  that  is  the  only 
ligure  that  1  felt  absolutely  fcafe  in  giving  regarding  the  operation 
01    le  plant  at  present. 

Mr.  Likb: — I  am  sure  that  we  all  appreciate  the  careful  prep- 
aration of  Mr.  Arnold's  paper.  I  can  only  express  the  hope 
that  when  the  plant  has  been  in  operation  a  sufficiently  longtime^ 
Mr.  Arnold  may  keep  his  promise  and  give  us  in  some  detail 
the  operating  costs.  The  question  of  the  cost  of  current  produc- 
tion in  a  plant  of  this  character  is  an  important  one,  and  there  is 
a  great  lack  of  reliable  information  sufficiently  detailed  to 
be  of  use  in  making  comparisons.  Usually  many  of  the  im- 
portant items  of  cost  are  left  out  of  consideration,  and,  if  Mr. 
Arnold  will  permit  me,  I  would  suggest  that  in  making  up  his 
analysis  for  future  presentation  to  the  Institute,  he  might  with 
advantage  follow  the  lines  of  some  of  the  blanks  used  for  that 
purpose  by  the  large  illuminating  companies,  which  give 
the  items  of  cost  under  appropriate  heads.  1  think  such  a  paper 
would  be  a  valuable  contribution,  and  the  discussion  would  bring 
out  im])ortant  and  interesting  data.  There  are  not  many  planta 
of  the  size  of  the  one  described  by  Mr.  Arnold,  operated  as  an 
isolated,  plant  and  which  have  such  a  combination  of  elevator 
load,  lighting  load,  and  motor  load.    T\\e  «kTTW\^TCifc\i\.  o'i  ^£^«^- 
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ating  machinery,  which  he  has  adopted  in  his  installation,  would 

SVe  valaable  data  for  comparison,  and  for  my  part  1  hope  that 
r.  Arnold  will   falfill  his  promise,  and  in  due  course  of  time 
present  to  the  Institute  details  of  operating  cost. 

Mr.  Ries  : — It  strikes  me  that  the  most  valuable  feature,  prob- 
ably, of  Mr.  Arnold's  proposed  installation  is  the  extended  use 
which  he  makes  of  secondary  batteries  in  connection  with  the 
dynamo.  Some  years  ago,  I  had  occasion  to  devise  a  system  some- 
what analogous  to  this,  for  railway  work,  and  from  the  revived 
interest  which  has  been  manifested  of  late  in  the  secondary  bat- 
tery, 1  think  it  will  be  but  a  short  time  before  the  battery  is  very 
largely  used  both  in  stationary  service  and  in  railway  installation. 
I  notice,  on  referring  to  the  diagram.  Fig.  6,  that  tlie  battery  is 
very  largely  drawn  upon  between  II  and  1  o'clock  in  the  day 
time,  and  between  11  o'clock  at  night  and  7  o'clock  in  the 
morning.  This  would  indicate  from  the  abruptness  of  the  lines 
that  the  battery  is  switched  onto  the  service  mains  independently 
of  the  dynamos.  But  I  would  like  to  ask  Mr.  Arnold  whether 
he  also  uses  the  battery  as  a  regulator  to  render  the  load  on  the 
dynamo  continuous  or  practically  uniform  while  the  dynamo  is 
running  and  supplying  these  various  forms  of  service? 

Mr.  Arnold  : — 1  use  two  regulators,  one  a  hand  regulator, and 
the  other  an  automatic  regulator.  The  hand  regulator  is  ad- 
justed by  the  engineer  at  a  proper  point,  so  that  a  certain  num- 
ber of  the  cells  are  used  in  parallel  with  the  elevators ;  or,  rather, 
80  that  the  total  voltage  of  whatever  cells  are  used  in  parallel 
with  the  elevator  is  just  enough  less  than  the  voltage  of  the  dyna- 
mos to  allow  the  cells  to  receive  a  constant  charge,  except  when 
the  maximum  pull  comes  on  the  elevators.  At  all  other  times 
the  batteries  are  in  parallel  and  are  receiving  a  charge.  Then  the 
regulated  cells  are  charged  by  means  of  the  generator  end  of 
the  motor-generator,  and  the  entire  series  of  cells  is  charged  by 
means  of  tlie  generator  end  of  the  booster  running  in  series  witn 
the  main  dynamo. 

Mr.  Riks  : — The  batteries  are  in  parallel  with  the  dynamos, 
and  in  case  of  any  sudden  fluctuation  of  load,  the  batteries  sup- 
ply the  deficiency  ? 

Mr.  Arnold: — Yes,  sir. 

[At  this  point  the  President  resumed  the  Chair.] 

The  President: — Gentlemen,  is  there  any  further  business  to 
bring  before  the  meeting? 

The  Secretary:— We  have  an  invitation  from  Mr.  George 
Hill  to  visit  the  plant  of  the  American  Book  Company  on  Uni- 
versity Place.  We  also  have  an  invitation  from  the  Crocker- 
Wheeler  Electric  Company  to  visit  their  works  Both  hav^e 
already  been  announced. 

On  motion,  the  thanks  of  the  Institute  were  tendered  to  the 
National   Electrical   Exposition    Company  for  the  privilege  of 
occupymg  their  convention  hall,  and  for  courtesies  extended. 
[Adjonmed.] 
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New  York,  September  23,  1896. 

The  lOStli  meeting  of  the  Instituie  was  neld  tliis  date  at  12 
West  3l6t  Street,  and  was  called  to  order  by  President  Duncan 
at  8.30  p.  M. 

The  President: — The  Secretary  has  some  announcements  to 
make. 

Secretary  Pope  : — At  the  meeting  of  the  Executive  Commit- 
tee of  the  Council,  August  5th  and  September  23d,  the  following 
associate  members  were  elected  : 


Name. 

Abella,  Juan 


Address. 


Eodoned  by 

Director  General  of  Public  Light-  W.  Q.  \Yhitinore. 

ing«  Buenos  Aires  ;  residence,  J.  C.  Bennett. 

691  Calle  Bolivar,  Buenos  Aires,  M.  L.  Mora. 
Argentine  Republic. 

Appleyabd,  Arthur  E.  Manager  and  Engineer,  Natick  Geo.  W.  Blodgett. 

Gas  and  Electric  Co..  Robt.  B.  Taber. 

Natick,  Mass.  I.  N.  Famham. 


Barry,  David 


Bell,  Org  A. 


Betts,  IIorart  D. 


BiDDLE.  James  G. 


Bolan,  Thomas  V. 


Braysuaw,  I. 


Electrician  and  Superintendent,  J.  B.  Gaboon. 

Amherst    Gas    Co.,    Amherst,  C.  B.  Burleigh. 

Mass.  Giles  Taintor. 

Electrical      Engineer.      Western  H.  P.  Albright. 

Electric  Co.,  22  Thames  Street,  Geo.  A.  Hamilton. 

New   York  ;  residence,  921  St.  J.  J.  Carty. 
Nicholas  Avenue,  New  York. 

Member  of  Inspection  Dept.,  The  J.  W.  Lieb,  Jr. 

Edison  Elec.  Iirm'g  Co.  of  N.  C.  R.  Agnew. 

Y. ;  residence,  Englewood,  N.  J.  C.  L.  Eidiitz. 

Mfrs'  Agent  and  Importer  Scieu-  E.  G.  Willyoung. 

tiflc  and  Electrical  Instruments,  Herbert  Lloyd. 

944  Drexel  Bldg  ,  Philailelphia,  R.  W.  Pope. 
Pa. ;  residence,  264  Rittenhouse 
St.,  German  town,  Pa. 

Supervising  Engineer,  The  Gen'l  H.  G.  Reist. 

Electric  Co.,Schenectady,N. Y. ;  Ernst  Berg, 

residence,  869  N.  41st  St.,  Chas.  P.  Steinmetz. 
Philadelphia,  Pa. 

Telegraph  Inspector  Great  South-  Henrv  Jackson, 

ern  Railway,  W.  ll.  Preece. 

Buenos  Aires.  R.  W.  Pope. 
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ASSOCIATE  MEMBERS  ELECTED. 


Carpenter,  Chas.  E.     Vice-President,  Carpenter  Enamel 

Rheostat  Co. ;  residence,  36  W, 
85th  Street,  New  York. 

Cody,  L.  P.  Mannger   and    Engineer,   Grand 

Rapids  Electric  Co  ,  9  South 
Division  Street,  Grand  Rapids, 
Mich. 

Darrow,  Eleazar  Superintendent,  Cincinnati  Edi- 

son Elec.  Co.  ;  residence,  220 
W.  8th  St..  Cincinnati.  O. 

Qranbkry,  Julian  H.  Draughtsman,  with  Post  &  Mr- 
Cord.  289  4th  Ave.,  N.  Y.; 
residence,  Closter,  X.  J. 

Qreenleak,  Lewis  Stone  Electrical  Expert,  The  Amer- 
ican Bell  Telephone  Co.,  42 
Parnsworth  St. ;  residence.  "The 
Ludlow," Clarendon  St.,  Hoston 
Mass. 

Hadlby,  Fred'k  W. 


H.  P.  Albright. 
G.  A.  Hamilton. 
Ralph  W.  Pope. 

Chas   R  Cross. 
Prank  B  Rae. 
A.  F.  Walker. 

J.  A.  Cal)ot. 
Thos.  J.  Creaghead. 
L.  G.  Lilley. 

Clayton  W.  Pike. 
A   A.  Knudson. 
R.  W.  Po|>e. 

Chas.  R.  Cross. 
Russell  Robb. 
Theo.  Spencer. 


fV 


Hall,  J.  P. 


Electrical  Engineer,  West  End  St. 
'   RVay  Co..    Boston:  residence, 
Arlington  lleights,  Mass. 

Electrical  Contractor,  143  Liberty 
St.,  N.  Y. ;  residence,  200  W: 
136th  St.,  N.  Y. 

Hatha  way,  Joseph  D.,  Jr.     Assistant   in    Cable    Dep't 

Western  Electric  Co.,22  Thames 
St.,  N.  Y.  Citv. 

Hill.  Nicholas  S.,  Jr.  Engineer  of  tlie  Electrical  Com- 
mission of  Baltimore,  508  P^quit- 
ablc  Building,  iialtimore,  Md. 

HutiGiNS,  N.  W.  Salesman,  etc..  General   Electric 

Co.,  Seattle,  Wash. 

Kino,  Vincent  C.  Jr.  With  V.   C.  &  C.  V.    King,  517 

West  St.;  residence,  110   East 
10th  St.,  New  York. 

Labouisee,  John  Peter    1625  Thalia  St., 

New  Orleans,  Ija. 


Ijorimkr,  Geo.  Wm. 


LoRiMER,  James  H. 


MacLeod,  George 


Maki,  Heiichir 


Maxwell,  Eugene 


Superintendent  of  Construction, 
The  Callender  Teler)hone  Ex- 
change Co.,  Bradford,  Canada. 

Superintendent  of  Erection,  The 
Callender  Telephcme  Kxchange 
Co.,  Brantford,  Canada. 

Superintendent  and  Engineer, 
Kentucky  and  Indiana  Bridge 
Co.,  29th  and  High  Sts.,  Louis- 
ville, Ky  ;  residence.  New 
Albany,  Lid. 

Chief  Engineer,  Kioto  Traction 
Co.,  39  Washio  St.,  Kioto, 
Japan. 

Superintendent,  Third  Street  and 
Suburban  R'way  Company. 

Seattle,  Wash. 


Chas.  R.  Cross. 
Wm.  L.  Puffer. 
Chas.  P.  Scott. 

E.  S.  Keefer. 
J.  Hatzel. 

Frank  A.  Pattison. 

H .  P.  Albright. 
G.  A.  Hamilton. 
M.  E.  Canfield. 

Louis  Duncan. 
Joseph  VV'etzler. 
Henrv  Morton. 

S.  Z.  Mitchell. 

F.  L.  Dame. 

F.  B.  H.  Paine. 

Joseph  Broich. 
Joseph  Sachs. 
R.  W.  Pope. 

Brown  Ay  res. 

P.  R.  Middlemiss. 

Chas.  K.  Huguet. 

Romaine  Callender. 
Joseph  Wetzler. 
Otto  A.  Moses. 

Romaine  Callender. 
Joseph  Wetzler. 
Otto  A.  Moses. 

G.  W.  Hublcy. 
R.  W.  Pope. 
W.  D.  Weaver. 


Chas.  R.  Cross. 
Wm.  L.  Puffer. 
Alljert  Schmid. 

S.  Z.  Mitchell. 
F.  L.  Dame. 
P.  B.  H.  Paine. 


ASSOCIATB  MEMBKUS  ELECTED.  893 

MoKiTTRicK,  P.  J.  A.    Graduate  Student  Cornell  Univer-  Edw.  L.  Nichols. 

sity,  89  Ucustis  Street,  Ithaca,  Fred'k  Bedell. 

N.  Y.  C.  P.  Matthews. 

Morgan,  Chas.  H.         Student  Lehigh  University ;  resi-  Alex.  Macfarlane. 

dence,  Maxatawny,  Berks  Co.,  J.  H.  Klinck. 

Pa.  Prank  M.  Tait. 

Nock,  Gko.  W.  Chief  Ensrineer,  in  charge  of  Steam  Philip  A.  Lange. 

and    Mectric  Plant,    Westing-  L   A.  Osborne, 

house  Elec.  and  Mfg.  Co. ,  Pitts-  Leo  A.  Phillips, 
burg.  Pa. 

Parker,  Lee  Hamilton    Ass't  Engineer  Railway  Dept.,  W.  B.  Potter. 

General  Electric  Co.,  Schenec-  John  B.  Blood. 

ta<ly,  N.  Y.  Edw.  M.  Hewlett. 

Pike,  Alex.  Rba  In  charge  Testing  Dept..  Missouri  Geo.  H.  Morse. 

Electric  Light  antl  Power  Co.,  A.  L.  Reinmann. 

20th  and  Locust  Sts.,  St.  Louis,  Francis  Jehl. 
Mo. 

RiDEouT,  .Alexander C.  Principal   of    Commercial   and  B.  J.  Arnold. 

Telegraph  Dep't  Hillsdale  Col-  W.  M.  Stine. 

lego,  Hillsdale,  Mich.  R.  W,  Pope. 

Sampson,  K.  D.  Manager,Charlottc  Electric  Light  Herman  S.  Hering. 

and  Power  Co.,  A.  M.  Schoen. 

Charlotte.  N.  C.  C.  K.  Stearns. 

Sathrrbero,  Carl  Hugo  Mechanical  Engineer  and  Chief  Clayton  W.  Pike. 

Draughtsman  The  MidvaleSteel  Carl  Hering. 

Co.,  Nicetown.  Phila.  Pa.;  res-  C.  Billberg. 
idence,  1752  N.  26th  Sr., 

Philadelphia,  Pa. 

Scott,  Jamks  B.  Electrical  and  Mechanical  Engi-  H.  A.  Foster. 

neer.  227  East  German  Street,  P.  0.  Kcilholtz. 

Baltimore,  Md.  C.  G.  Young. 

Thayer,  George  Lanostaff    ManMg(;r,      Belle      Plaine  Ludwig  Gutmann 

Electric  Light  Co.,  Belle  Plaine.  B.  J .  Arnold, 

la.  Carl  K.  MacFadden 

Van  Vlkck,  .John  Falconer  Constructing  Engineer,  The  Edwin  J.  Houston. 

Edison  Elec.  and  Illuminating  A.  E.  Kennelly. 

(\).   of  New  York;    re.sidenco,  J.  W.  Lieb,  Jr. 
Glenridge,  N.  J. 

Whitaker,  S.  Edgar    The  General   Electric  Co  ;   resi-  Chas.  R.  Cross. 

dence,  \Y'\   High  Rock  Avenue,  Wm.  L.  Puffer. 

Lynn,  Mass.  Elmer  E.  Boyer. 

Total  37. 


ELECTED  SEPTEMBER  23d,   1896. 

Name.  Address.  Endorsed  by 

Brincrerdoff,    Henry  Morton      Electrical    Engineer,  A.  V.  Abbott. 

Metropolitan  West  Siile  Elevat-  W.  M.  Stine. 

cd    R.R.;    258    Franklin    St.,  B.J.Arnold. 
Chicago.  III. 

Meadows,  Harold  Gregory    Associate  Engineer  (Elec.)    C.  A.  Adams.  Jr. 

with    Newcomb    Carlton,    109    Edwin  H.  Hall. 
White  Building;  residence,  114    C.  W.  Ricker. 
West  Chippewa    St.,    Buffalo, 
N.  Y. 
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AStiOOIATE  MUMBBRS  BLEOTBD. 


NSWBUBT,  F.  J. 


P1NKA8,  Julio, 


RicHA&os,  Chas.  W. 


White,  Chas.  G. 


Total.  6. 


Manager    Insulated  Wire    Dep't  M.  M.  Davis. 

John  A.   RoebIing*8  Sons  Co.,  F.  W.  Roebling. 

Trenton,  N.  J.  R.  W.  Pope. 

DirectorGeneral.  State  Telegraphs  R.  W.  Pope, 

and  Telephones,  Sucre,  Max  Osterberg. 

Bolivia.  A.  A.  Knudson. 

Partner,    Cum ner- Richards    Co.,  A.  B.  Cumner. 

69    Broad    St..    Boston  ;    resi-  F.  E.  Cabot, 

dence.  Need  ham,  Mass.  Q.  A.  Wardlaw. 

Public  Schools  Sup't..  and  Instruc-  R.  W.  Pope, 

tor  in  Physics  and  Chemistry,  W.  D.  Weaver. 

Lake  Linden.  Mich.  Wm.  J.  Hammer. 


At  the  request  of  the  President,  Mr.  Charles  P.  Steinmetz^ 
Vice-President  took  the  Chair  President  Duncan  then  delivered 
his  inaugural  address  on  the  ^'Present  Status  of  the  Transmission 
and  Distribution  of  Electrical  Energy,"  as  follows: 


Inaugural  addrts*  of  tkt  Prtidtnt  at  ikt  toStk 
meeting  of  tkr  Institute.  New  York  September 
Kjd^  tSqb.  Vice-President  Steinmrtn  in  the 
Chair. 


PKESENT    STATUS  OF    THE    TRANSMISSION    AND 
DISTRIBUTION  OF  ELECTRICAL  ENERGY. 


BY    LOUIS   DUNCAN. 


The  industrial  life  of  mankind  is  made  up  of  two  things.  The 
transformation  and  distribution  of  material,  and  the  transforma- 
tion and  distribution  of  energy.  The  raw  material  from  mines 
and  forests  is  changed  to  finished  products  and  distributed  among 
the  people,  while  energy,  obtained  from  water  power,  coal  or 
other  sources,  is  changed  from  the  potential  energy  of  the  water, 
or  the  energy  of  chemical  combination  to  mechanical  power,  heat, 
light,  etc.  Unless  we  can  transmit  this  energy  economically,  we 
must  transform  it  into  the  required  form  at  the  place  where  it  is 
to  be  utilized.  At  present  a  large  part  of  our  mechanical  power 
is  obtained  from  steam  plants  situated  in  the  factories  themselves, 
and  for  heat  and  light  we  mainly  depend  upon  stoves  and  lamps 
in  our  houses. 

Before  the  introduction  of  electrical  transmission,  it  was  pos- 
sible to  distribute  energy  to  limited  distances  by  various  methods, 
but  no  system  offered  a  long  distance  transmission  for  all  pur- 
poses. By  means  of  compressed  air  or  steam  pipes  the  energy  of 
coal  has  been  transmitted  to  produce  mechanical  power  or  for 
heating,  and  gas  mains  have  allowed  the  distribution  of  gas  for 
lighting  or  for  fuel. 

In  the  case  of  power  obtained  from  steam  plants,  the  economy 
incidental  to  large  units  and  a  steady  load,  has  led  to  theconcen^ 
tration  of  industries.  Where  steam  is  used,  the  plants  are  situ- 
ated where  it  is  most  convenient  for  manufacture.  Where  water 
power  is  employed  it  is  necessary  to  bring  the  factories  to  the 
location  of  the  power  irrespective  of  other  conditions. 
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By  means  of  dynamo  electric  machines,  the  energy  obtained 
from  either  coal  or  water  power  may  be  transformed  into  electii- 
cal  energy ;  may  bo  distributed  and  then  transformed  again  into 
mechanical  power,  light  or  heat,  or  may  be  used  for  a  number  of 
purposes  peculiar  to  this  form  of  energy  alone.  The  limits  to  the 
distance  of  this  distribution  are  imposed  by  conditions  of  economy 
and  safety. 

It  is  my  purpose  to  take  up  the  different  metliods  of  transmis- 
sion and  distribution,  and  to  consider  the  limits  tliat  are  actually 
fixed  by  the  present  status  of  electrical  development.  The  ques- 
tion is  a  commercial  one,  each  problem  presenting  different  con- 
ditions which  must  be  considered,  but  certain  general  principles 
govern  each  case,  and  our  knowledge  and  exjxjrience  make  it 
possible  to  judge  the  practicability  of  each  particular  trans- 
mission. 

Generating  Plants. 

At  the  present  time  practically  all  of  the  electrical  energy 
distributed  is  generated  in  plants  operated  either  by  steam  or 
water  power,  and  it  is  important  to  consider  the  conditions  of 
maximum  economy  in  large  generating  plants,  as  this  bears 
directly  on  the  subject  of  transmission  and  distribution. 

A  large  |)roportion  of  the  electrical  plants  in  this  country  are 
steam  plants.  In  the  last  ten  years  we  have  advanced  from  small 
stations  using  high  speed  dynamos  for  light  and  power  distribu- 
tion, to  large  stations,  using,  as  a  rule,  low  speed  direct  connected 
machines.  The  simple  engines  that  were  used  some  years  ago 
have,  in  many  cases,  been  changed  to  compound  and  even  triple 
expansion  engines,  and  where  it  is  possible  condensers  have  been 
employed.  Some  of  the  latest  plants  have  machinery  of  the 
highest  possible  efficiency,  and  yet  if  we  consider  the  price  per 
H.  i»;  of  the  power  generated,  we  shall  iind  that  it  is  greater  than 
we  expect.  This  is  partly  due  to  the  fact  that  for  both  lighting 
and  power  purposes  the  load  on  the  stiition,  is,  as  a  rule,  not  uni- 
form, and  the  apparatus  is  not  working  under  the  best  conditions 
for  economy.  In  this  country  electrical  energy  is  principally 
generated  for  electric  lighting,  for  electric  traction,  and  for  sup- 
plying stationary  motors ;  the  stationary  motors,  as  a  rule,  being 
supplied  with  current  from  lighting  stations.  If  we  take  the  load 
diagram  of  such  stations  in  large  towns,  we  will  iind  that  the 
average  output  is  not  greater  than  30  to  40  per  cent,  of  the  max- 
imum output.     We  have,  therefore,  to  supply  a  large  amount  of 
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machinery  corresponding  to  the  maximum  demand  on  the  station, 
wliile  for  distribution  a  large  amount  of  copper  is  required  that 
is  only  being  used  at  its  maximum  capacity  for  a  comparatively 
short  period  of  tlie  time.  In  stations  snpplying  power  for  trac- 
tion purposes,  we  find  a  variation  of  load,  but  the  variation  is  a 
different  kind  from  that  found  in  a  lighting  station.  In  the  lat- 
ter the  load  varies  at  different  hours  in  the  day,  but  for  any  par- 
ticular instant  it  is  practically  constant.  In  the  former  the  average 
load  for  different  hours  during  which  the  station  is  operated  will 
be  practically  constant,  but  there  will  be  momentary  vaiiations 
depending  upon  the  size  of  the  station  and  the  ty]ve  of  traffic. 
Taking  for  instance  a  2000  h.  p.  station  in  Baltimore,  I  iind  that 
the  average  load  is  48  per  cent,  of  the  momentary  maximum 
load.  This  difference  in  the  kind  of  variation  for  the  two  types 
of  stations,  necessitates  employmentof  different  apparatus  toobtain 
the  maximum  economy  for  each  type.  For  lighting  stations 
triple  expansion  engines  may  be  used,  while  for  traction  work, 
where  the  variation  in  the  load  is  sudden,  and  may  occur  after  the 
steam  is  cut  off  from  the  high  pressure  cylinder,  it  is  not  well  in 
general  to  go  beyond  compound  engines,  and  there  is  even  a 
question  as  to  whether  simple  engines  are  not  more  economical 
when  condensing  water  cannot  be  obtained.  In  any  case,  how- 
ever, it  is  of  the  utmost  importance  as  regards  economy  of  oper- 
ation that  the  load  should  be  made  as  constant  as  possible. 

Two  distinct  types  of  distribution  are  used  for  incandescent 
lighting  in  this  country — the  single-phase  alternating  current  and 
the  direct  current  three-wire  system.  At  the  present  time  the 
former  does  not  permit  the  supplying  of  power.  As  alternating 
distribution  is  at  high  potential  it  does  permit  the  location  of 
the  station  where  the  conditions  of  maximum  economy  can  be 
fulfilled.  The  three-wire  incandescent  system  using  low  voltages 
may  be  used  for  supplying  motors,  but  the  amount  of  copper 
necessitated  by  the  low  pressure  has  caused  such  stations  to  be 
located  near  the  centre  of  distribution  irrespective  of  the  best 
conditions  for  the  economical  operation  of  the  plant. 

With  the  alternating  system  it  seems  impossible  to  provide-even 
a  moderately  steady  output,  but  with  the  continuous  current 
system  the  motor  load  during  the  day  gives  an  average  output 
greater  in  proportion  to  the  maximum.  Some  years  ago  the 
question  of  the  relative  values  of  the  alternating  and  direct  cur- 
rent systems  was  discussed,  and  for  a  while  most  of  the  stations 


298  DUNCAN  ON  ELECTRICAL  TRANSMISSION.      [Sept.  88^ 

ioBtalled  were  of  the  alternating  type.  At  present  the  tendency 
seems  rather  in  the  direction  of  continuous  current  stations,  espec- 
ially in  towns  where  there  is  a  large  demand  for  current  within 
a  comparatively  small  area.  There  is  a  great  advantage  of  direct 
currents  in  that  they  allow  the  employment  of  storage  batteries, 
which  equalizes  the  load  on  the  station.  In  almost  all  of  the 
large  lighting  plants,  both  here  and  abroad,  this  plan  has  been 
adopted  to  a  greater  or  less  extent,  and  the  results  have  been  so 
favorable  that  the  battery  equipments  in  many  of  our  stations 
are  being  increased.  The  efficiency  of  batteries  in  lighting  sta- 
tions is  comparatively  high,  while  the  depreciation  has  been  greatly 
reduced,  and  is  not  now  over  five  or  six  per  cent,  per  annum.  In 
most  systems,  however,  the  full  benefit  of  the  storage  batteries  is 
not  realized,  as  the  batteries  are  placed  in  the  station,  and  while 
the  advantage  of  an  approximately  constant  load  is  obtained,  yet 
the  further  advantage  offered  in  distribution  is  not  secured.  I 
will  take  this  question  up  later. 

In  New  York,  Brooklyn,  Boston  and  Chicago,  a  large  propor- 
tion of  the  direct  current  lighting  stations  are  situated  where  it 
is  expensive  to  handle  the  coal  and  ashes,  and  where  the  economy, 
due  to  condensation,  is  not  obtained.  It  is  also  the  custom  to  use 
several  stations  instead  of  a  single  large  station,  and  this  increases 
the  cost  of  production  both  in  operating  expenses  and  fixed 
charges.  The  question  arises  whether  we  have  reached  a  point 
where  it  will  be  more  economical  to  consolidate  the  stations  in 
the  best  possible  location  for  economical  production  of  energy, 
and  make  use  of  the  means  of  distribution  which  have  been 
developed  in  the  last  few  years  to  increase  the  radius  at  which 
energy  can  be  supplied. 

As  far  as  traction  stations  are  concerned,  their  efficiency  and 
output  would  be  increased  by  the  use  of  batteries,  both  because 
the  machinery  would  be  steadily  loaded,  and  because  the  most 
efficient  type  of  apparatus  could  be  used  as  is  the  case  in  lighting 
stations.  By  the  consolidation  of  railroad  properties  that  has 
taken  place  in  the  last  few  years,  single  corporations  operate 
electric  lines  over  extended  areas.  It  is  the  custom  to  build  a 
number  of  stations,  each  running  a  certain  section  of  the  line,  the 
idea  being  that  the  decreased  cost  of  copper  and  the  decreased 
possibility  of  a  shut-down  would  more  than  compensate  for  the 
increased  cost  of  o|)eration  and  fixed  charges.  It  is,  again,  impor- 
tant to  consider  the  question  whether  we  have  not  reached  the 
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point  where  a  single  station  can  be  built  in  such  a  way  that  there 
is  little  or  no  possibilitj  of  any  accident  causing  a  suspension  of 
the  entire  traffic  of  the  system,  and  where  improved  methods  of 
distribution  will  decrease  the  amount  of  copper  so  that  it  will  not 
exceed  that  required  by  the  present  method  of  using  a  number 
of  generating  stations. 

If  storage  batteries  are  used,  the  two  types  of  variable  load  be- 
longing to  lighting  and  power  stations  demand  different  types  of 
battery.  For  lighting  stations  a  considerable  capacity  is  required, 
while  the  momentary  variations  of  power  stations  do  not  require 
any  great  capacity,  but  demand  as  great  a  maximum  output  as 
battery  manufacturers  can  obtain. 

In  water  power  plants  the  conditions  of  economy  are  different. 
The  location  of  the  plant  is,  of  course,  definitely  fixed,  and  the 
advisability  of  obtaining  a  uniform  load,  by  means  of  batteries, 
depends  upon  the  local  conditions.  If  the  water  power  is  limited, 
and  is  less  than  the  demand,  then  it  might  be  well  to  use  batteries 
in  order  to  increase  the  amount  of  salable  power.  Again,  if  the 
development  is  expensive,  it  might  be  cheaper  to  develop  a  smaller 
amount  of  power,  pay  for  a  smaller  amount  of  machinery  and 
increase  the  output  by  the  addition  of  batteries.  These  are  ques- 
tions that  can  only  be  decided  by  a  knowledge  of  the  local  con- 
ditions. 

We  may  conclude  that  while  the  practice  in  large  lighting  and 
traction  systems  is  to  multiply  stations  near  centres  of  consump- 
tion, yet  the  economy  of  a  single  large  station  makes  it  important 
to  consider  whether  it  is  not  possible  to  concentrate  our  power  at 
some  point  where  the  expenses  will  be  a  minimum,  and  distribute 
by  some  of  the  methods  which  have  in  the  last  few  years  proved 
successful  and  economical.  It  is  important  to  make  the  station 
load  steady,  and  this  may  be  done  for  continuous  current  light- 
ing and  traction  plants,  by  means  of  storage  batteries. 

Electrical  Distribution. 

The  distribution  of  electrical  energy  to  consumers  as  distin- 
guished from  its  transmission  to  long  distances,  has  been  largely 
accomplished  by  the  agency  of  continuous  currents,  although 
alternating  currents  have  played  an  important  part  in  incandescent 
lighting.  As  I  have  stated,  a  considerable  proportion  of  current 
for  lighting  is  distributed  at  constant  potential  on  the  three-wire 
system,  or  at  constant  current  on  arc  light  circuits,  while  power 
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for  traction  circuits  is  distributed  at  approximately  constant 
potential  at  an  average  of  say  550  volts. 

I  shall  iirst  consider  the  condition  of  affairs  in  a  traction  system 
in  a  large  city,  where  a  numl)er  of  suburban  lines  are  operated. 
If  direct  distribution  is  attempted  from  a  single  station,  it  will  be 
found  that  when  the  distance  exceeds  live  or  six  miles  a  large 
amount  of  copper  must  be  employed  to  prevent  both  excessive 
loss  and  excessive  variation  of  potential  on  the  lines.  On  subur- 
ban lines  it  is  the  latter  consideration  that  usually  determines  the 
amount  of  copper  used,  and  this  is  especially  true  on  lines  where 
there  is  a  considerable  excursion  trattic.  Even  in  the  city  itself, 
the  supplying  of  sections  at  distances  three  or  four  miles  from 
the  station  may  require  so  much  copper  that  it  would  be  less  ex- 
pensive to  operate  separate  stations.  Several  methods  otlier  than 
the  direct  method  may  be  employed  to  remedy  these  difficulties. 
For  outlying  lines  where  the  traffic  is  mainly  of  the  excursion 
order,  being  variable  both  during  the  day  and  for  different  sea- 
sons, boosters  may  be  advantageously  used.  It  is  perhaps  best 
from  reasons  of  economy  to  run  the  boosting  dynamos  from 
motors.  These  dynamos  are  series-wound  and  are  connected  to 
feeders  of  such  resistance  that  the  fall  of  potential  in  the  wire 
for  a  given  current  is  compensated  for  by  the  rise  in  voltage  of  the 
booster.  There  is  a  decreased  cost  of  copper  incidental  to  this 
system,  due  to  the  fact  that  the  drop  is  not  limited  by  considera- 
tions of  regulation — the  voltage  at  the  end  of  the  feeder  being 
constant — while  the  tran^imission  is  at  an  increased  potential.  If 
the  average  station  potential  is  (JOO  volts,  and  it  is  boosted  800 
volts,  then  the  copper  for  a  given  loss  would  be  decreased  in  the 
ratio  of  30  to  81.  The  booster  svstem  has  the  advantage  of  the 
direct  system  when  the  cost  of  the  additional  apparatus  together 
with  the  increased  loss  on  the  line,  capitalized,  is  less  than  the 
increased  cost  of  the  copper  necessary  to  produce  the  same  result 
by  the  direct  system.  Whether  the  balance  is  in  favor  of  one  or 
the  other  depends  on  the  distance  and  the  variation  of  the  load, 
and  it  is  indifferent  whether  the  variation  in  the  latter  occurs 
often  or  not. 

If  any  transforming  device  is  employed  to  feed  a  distant  sec- 
tion of  the  line  it  must  be  remembered  that  the  capacity  of  the 
device  must  be  great  enough  to  look  out  for  the  maximum  de- 
mand on  this  section.  Suppose  now  that  we  wish  to  feed  some 
suburban  line  where  the  load  has  considerable  momentarv  flue- 
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tuations,  but  where  the  traffic  is  moderately  constant  during  the 
year.  In  this  case  the  booster  could  be  used  with  a  storage 
battery  at  the  end  of  its  feeder,  the  battery  supplying  the  line. 
The  advantages  of  this  combination  are  greater  than  with  the 
simple  booster,  and  in  many  cases  they  will  compensate  for  the 
interest  and  depreciation  on  the  battery  and  the  loss  in  it.  If  the 
arrangement  is  properly  made,  the  load  on  the  booster  and  line 
wire  will  be  practically  constant,  thus  decreasing  tlie  capacity  of 
the  booster  to  that  required  for  the  average  load,  while  less 
cop])er  will  be  required  for  a  given  loss.  As  to  the  latter  jK)int, 
suppose  a  given  amount  of  power  is  to  be  distributed  in  24  hours, 
say  200am|>eresat  000  volts,  if  the  load  isuniform,  the  loss  will  be 
proportional  to  ^OO*"^  X  24  hours.  If  it  is  all  distributed  in  12 
hours,  the  loss  will  be  proportional  to  400'  X  12  hours,  or  twice 
as  much.  So  in  the  case  of  the  steady  load,  the  same  power  could 
be  transmitted  with  the  same  loss  with  half  the  copper.  It  makes 
no  difference  whether  the  variation  extends  over  12  hours  in  24 
or  occurs  every  other  minute,  the  result  will  be  the  same.  It 
is  apparent  then  that  it  is  of  the  utmost  importance  to  keep  the 
line  steadily  loaded,  as  well  as  the  station,  and  this  points  to  the 
location  of  the  battery  near  the  points  of  consumption  and  not 
in  the  stiition.  l>y  this  system — a  booster  with  storage  batteries 
— it  is  possible,  a^suming  the  same  loss,  to  transmit  power  to  a 
distance  of  ten  miles  with  approximately  the  same  amount  of 
copper  that  would  be  required  for  a  live- mile  transmission  on  the 
direct  system.  It  would  increase  the  economical  radius  of  dis- 
tribution twice,  and  the  area  of  distribution  four  times.  A  single 
station  could  economically  supply  lines  within  distances  up  to  ten 
or  twelve  miles.  If  it  is  desired  .to  still  further  increase  the 
radius  of  distribution,  it  is  ])ossible  to  do  this  by  employing  some 
of  the  alternating  current  methods  that  have  come  into  use.  I 
will  discuss  these  methods  later,  but  at  this  point  I  may  remark  that 
the  use  of  stationary  and  rotary  transformers  permits  the  energy  to 
be  transmitted  in  the  form  of  alternating  currents,  and  to  be  changed 
again  into  continuous  currents  of  any  required  voltage.  These 
rotary  transformers  supplied  by  an  alternating  current  which  is 
transmitted  from  the  station  at  a  high  voltage,  may  be  used  to 
feed  the  line  directly,  or  they  may  be  used  to  supply  storage  bat- 
teries which  are  connected  to  the  line.  In  the  latter  case  we 
have  the  advantage  of  decreased  size  of  apparatus,  of  steady  load 
on  the  station,  and  of  a  minimum  cost  of  copper  on  the  line ; 
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which  system  it  would  be  best  to  employ  would  depend  upon  the 
distances  and  the  character  of  the  line  and  load. 

Of  the  systems  that  I  have  proposed  for  city  and  suburban 
distribution  from  a  single  station,  three  have  been  successfully 
employed,  namely :  the  booster  system ;  the  booster  system  with 
batteries,  and  rotary  transformers  operating  directly  on  the  line. 
When  we  consider  the  advantages  of  a  single  station  and  a  steady 
load,  it  seems  evident  to  me,  that  many  of  the  large  traction  sys- 
tems would  do  well  to  concentrate  their  stations  into  one,  and  to 
use  the  booster  system  with  batteries  for  their  outlying  lines,  and 
if  necessary  use  rotary  transformers  for  lines  beyond  the  limit  of 
ordinary  suburban  work.  As  to  the  possibility  of  the  complete 
shut  down  of  such  a  station,  we  have  reached  such  a  point  in  the 
construction  of  machinery,  both  electrical  and  mechanical,  that 
with  a  proper  reserve,  a  careful  system  of  duplex  steam  piping, 
and  with  tire-proof  construction  of  the  station,  such  a  possibility 
may  be  disregarded ;  while  the  batteries  would  look  out  for  any 
momentary  interruption  on  the  feeders. 

Continuous  Current  Ix>w  Voltage  Distribution. 

Some  of  the  most  important  stations  supplying  incandescent 
lamps  are  operated  on  the  three-wire  continuous  current  system. 
In  the  last  few  years  a  considerable  advance  has  been  made  in  the 
sale  of  power  for  motors  from  these  stations,  and  this  has  in- 
creased the  revenue  and  has  given  better  avei'age  output.  The 
tendency  in  this  country  has  been  in  the  direction  of  using  storage 
batteries  in  such  stations,  and  abroad  practically  every  continuous 
current  station  uses  batteries.  As  in  the  case  of  traction  systems 
it  has  been  the  custom  in  large  cities  to  build  a  number  of  sepa- 
rate stations  instead  of  building  a  single  plant  and  distributing 
from  it.  The  batteries  have  been  placed  in  the  stations  them- 
selves, and  no  attempt  has  been  made  to  decrease  the  amount  of 
copper  used  by  employing  a  number  of  centres  of  distribution  and 
giving  the  main  feeders  a  steady  load.  The  same  considerations 
that  apply  to  stations  for  traction  work  will  also  apply  to  stations 
used  to  supply  lights,  and  the  same  methods  of  distribution  may  be 
used.  It  would  unquestionably  be  more  economical,  in  many  in- 
stances, to  use  single  stations,  to  transmit  power  from  these 
stations  to  centres  of  distribution,  where  batteries  niav  be  located 
and  to  distribute  from  these  centres  on  a  three-wire  system.  A 
case  in  point  is  the  system  used  at  Budapest,  where  the  energy 
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is  distributed  from  the  central  station  to  rotary  transformers  at 
Bub-statione,  these  rotary  transformers  feeding  batteries,  current 
being  distributed  from  these  batteries  on  a  three-wire  system. 
The  reports  of  the  operation  of  this  station  show  that  it  is  both 
economical  and  successful,  and  it  might  well  be  copied  by  some 
of  the  companies  in  this  country.  The  gross  receipts  of  some  of 
the  large  illuminating  companies  bear  such  a  large  proportion  to 
the  company's  stock,  that  a  comparatively  small  saving  in  opersr 
tion  would  mean  a  considerable  increase  in  the  diwdends,  and 
there  is  no  doubt  in  my  mind  that  by  using  one  power  station, 
with  battery  sub-stations  for  distribution,  that  the  operating  ex- 
penses can  be  considerably  decreased. 

Altkbnating  Curkp:nt8  for  Lighting. 

Alternating  currents  have  been  employed  for  lighting  in  this 
country,  and  they  have  been  especially  valuable  where  a  district 
is  to  be  supplied  in  which  the  distances  are  considerable  as  com- 
pared with  a  number  of  customers.  It  has  been  almost  the  uni- 
versal custom  to  supply  small  transformers  for  each  consumer, 
and  while  the  average  size  of  transformers  is  greater  now  than  it 
was  a  few  years  ago,  yet  they  are  comparatively  small.  No 
power  has  been  supj)lied  from  such  stations,  and  although  alter- 
nating arc  lamps  are  used  to  a  limited  extent,  yet  the  number  is 
not  increasing,  and  in  some  cases  continuous  current  arc  lamps 
have  been  substituted  for  the  alternating.  Under  these  condi- 
tions the  load  on  the  station  is  even  more  variable  than  in  the 
case  of  a  continuous  current  supply  where  motors  may  be  em- 
ployed, and  the  constant  loss  due  to  the  large  number  of  small 
transformers  used,  places  this  system  at  a  disadvantage  as  com- 
pared with  the  continuous  current  system.  The  great  advantage 
it  possesses  lies  in  the  increased  area  of  distribution  rendered 
possible  by  the  high  voltages  that  are  used,  together  with  the 
possibility  of  locating  the  stations  where  power  can  be  cheaply 
made.  Abroad  in  the  last  few  years,  most  of  the  new  stations  that 
have  been  built  use  continuous  currents,  although  some  years  ago 
the  greater  proportion  of  them  were  alternating  current  stations. 
It  is  also  the  custom  abroad  to  use  sub-stations  with  large  trans- 
formers for  distribution,  thus  doing  away  with  a  considerable 
part  of  the  constant  loss  due  to  the  small  transformers  used  here. 
It  is  not  possible,  at  the  present  time,  without  greatly  complica- 
ting the  system,  to  obtain  a  steady  load  on  the  station^  and  the 
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only  question  that  arises  is  the  value  of  sub-stations,  and  the  pos- 
sibility of  asing  some  form  of  alternating  current  other  than  the 
single-phase. 

Methods  of  Electrical  Transmission. 

Coming  to  the  question  of  transmission  of  electrical  energy  as 
distinguished  from  the  supply  to  customers  from  distributing  cen- 
tres, there  have  been  great  advances  made  in  the  last  few  years, 
and  these  mainly  through  the  introduction  of  multiphase  alternat- 
ing currents.  Single-phase  alternating  currents  permit  the  trans- 
mission of  power  to  long  distances  and  its  distribution  for  lighting 
purposes.  It  is  also  possible  to  supply  j>ower  from  such  circuits 
to  large  motors  working  under  a  steady  load.  It  is  not  possible, 
however,  to  distribute  power  economically  for  ordinary  uses.  As 
most  long  distance  transmission  schemes  contemplate  the  substi- 
tution of  electric  motors  for  steam  engines,  and  as  their  success 
will,  in  many  cases,  depend  upon  the  ]>ossibility  of  such  substi- 
tution, single-phase  alternating  currents  are  not  at  j)rcsent  able  to 
comply  with  the  conditions  imposed  by  the  desired  service.  The 
introduction  of  multiphase  alternating  systems,  where  two  or 
more  alternating  currents  are  employed,  the  currents  differing  in 
phase,  has  completely  changed  the  situation  with  respect  to  long 
distance  transmission.  I  shall  consider  briefly  tlui  possibilities  of 
such  systems,  and  their  value  as  compared  with  any  direct  cur- 
rent system. 

(Continuous  C^ukkknt  Transmission. 

The  first  long  distance  transmission  plant  was  operated  by  the 
continuous  current  system,  and  even  now  plants  are  being  built 
in  which  continuous  currents  of  high  potential  are  used  to  transmit 
energy  to  distances  up  to  15  miles.  As  compared  with  trans- 
mission by  means  of  alternating:  currents,  we  will  find  that  the 
continuous  current  system  ])(>ssesses  some  advanttiges  and  some 
disadvantages.  If  we  consider  the  relative  cost  of  the  copper  in 
the  line  for  a  given  amount  of  power  tninsmitted,  and  for  a  given 
maximum  potential  between  the  conductors,  w^e  will  find  that  the 
relative  amounts  for  the  ccmtinuous  current  and  the  different 
alternating  current  systems,  will  be  as  follows  : 

Continuous  Current 100 

Single-phase  Alternatinp 200 

Two-phase  **         200 

Three-phase  "  150 
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We  Bee  then  that  the  coatinnous  current  has  a  marked  advan- 
tage over  the  alternating  current  systems  as  far  as  the  cost  of 
copper  is  concerned.  There  are,  however,  certain  practical  dis- 
advantages belonging  to  this  system.  The  high  voltages  necessary 
for  long  distance  transmission  make  it  impossible  to  distribute  the 
current  at  the  receiving  end  without  first  reducing  the  voltage. 
With  continuous  current  this  can  only  be  done  by  employing  a 
rotary  commutator  of  some  kind.  A  plan  which  has  been  practi- 
cally and  successfully  used  has  been  to  run  a  number  of  dynamos 
in  series  at  the  generating  end  of  a  line,  while  at  the  receiving 
end  are  a  number  of  motors,  also  arranged  in  series,  which  are 
used  to  drive  other  generators  to  give  the  required  type  of  cur- 
rent and  the  desired  voltage.  It  has  not  been  found  possible  to 
make  either  dynamos  or  motors  of  any  great  output,  as  there  are 
practical  difficulties  in  running  dynamos  of  high  potential  where 
the  current  taken  from  tliem  has  a  considerable  value.  M.  Thury, 
has  installed  a  number  of  continuous  current  transmission  plants 
that  have  apparently  given  excellent  results.  At  Biberist,  a 
transmission  of  15  miles  is  employed.  At  Brescia,  700  h.  p.  are 
transmitted  over  12  miles  at  a  maximum  of  15,000  volts.  M. 
Thury  states  that  generators  for  45  amperes  can  be  constructed 
up  to  3000  volts,  and  he  thinks  that  4000  could  be  successfully 
used.  These  machines,  however,  are  small  when  compared  with 
the  5000  H.  p.  dynamos  in  use  at  Niagara,  for  instance,  and  where 
the  transmission  is  a  large  one  the  great  number  of  machines 
necessary  would  be  a  serious  objection  to  this  type  of  transmission. 
It  will  be  seen  that  the  greatest  possibility  of  trouble,  in  such  a 
transmission,  lies  at  the  ends  of  the  line,  in  the  generating  and 
receiving  apparatus.  It  is  necessary,  no  matter  what  our  voltage 
is,  that  botli  the  dynamos  and  motors  shall  be  directly  subjected 
to  it,  and  this  with  commutated  machines  will  always  be  a  source 
of  danger.  If  we  are  to  do  any  considerable  amount  of  lighting 
from  such  a  station,  our  energy  for  this  purpose  undergoes  three 
transformations  before  it  reaches  the  lamps,  and  the  efficiency 
would  not  be  so  high  as  in  a  corresponding  alternating  current 
system.  It  would  hardly  be  possible  to  supply  motors  for 
ordinary  work  at  the  high  voltages  used  for  ti-ansmission,  and  the 
current  for  them  would  have  to  be  transformed  in  the  same  man- 
ner as  the  current  for  the  lamps.  It  must  be  recognized,  how- 
ever, that  this  system  has  been  successfully  used  and  has  given 
excellent  results  in  a  few  cases  of  transmission.    Its  great  advan- 
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tage  lies  in  the  decreased  amount  of  copper  as  compared  with 
the  alternating  systems,  and  in  tlie  absence  of  induction  effects, 
which  are  a  drawback  to  alternating  current  transmission. 

Transmission  by  Altkenating  Cukrknts. 

A  large  proportion  of  the  transmission  plants  that  have  been 
installed  in  the  last  few  years  have  been  of  the  alternating  cur- 
rent type.  These  have,  as  a  rule,  given  satisfactory  results,  and 
the  installations  that  are  now  being  erected  or  planned  are  almost 
exclusively  on  an  alternating  current  basis.  The  great  advantage 
of  this  system  lies  in  the  fact  that  it  is  possible  to  change  the 
voltage  of  the  current  without  the  use  of  rotating  apparatus,  and 
at  once  economically  and  safely.  Low  voltage  dynamos  may  be 
used,  the  voltage  may  be  increased  in  any  desired  ratio  by 
stationary  transformers,  the  energy  may  be  transmitted  at  an  in- 
creased voltage,  and  at  the  receiving  end  the  voltage  may  again 
be  reduced  by  transformers.  If  we  compare  this  method  with 
the  continuous  current  system,  we  will  see  that  to  obtain  an 
alternating  current  of  the  required  pressure  at  the  receiving  end 
of  the  line,  we  would  use  the  same  number  of  transformations 
required  by  the  continuous  current  system.  We  have  the  great 
advantage,  however,  that  our  changes  in  voltage  have  been 
obtained  by  the  agency  of  stationary  apparatus,  which  is  much 
cheaper,  is  more  elficiont,  and  is  safer  than  that  required  in  the 
continuous  current  system.  It  is  possible  to  increase  the  voltage 
by  means  of  transformers  to  almost  any  value  with  perfect  safety, 
and  with  an  efficiency  as  high  as  98  per  cent,  or  99  per  cent.  If 
then  our  alternating  current,  when  it  has  been  reduced  at  the 
receiving  end,  is  as  valuable  for  distribution  as  the  current 
obtained  by  the  direct  current  system,  there  will  be'  no  doubt 
that  alternating  transmission  has  great  advantages  over  continu- 
ous currents. 

I  have  spoken  of  the  relative  amounts  of  copper  required  by 
the  single-phase,  two-phase  and  three-phase  alternating  currents. 
I  do  not  think  it  necessary  to  explain  minutely  the  difference  be- 
tween these  systems,  as  they  are  well  understood.  In  a  single-phase 
system  a  single  alternating  curi*ent  is  used.  In  a  two-phase  system 
two  alternating  currents,  whose  phases  differ  by  90  degrees,  are 
employed,  while  in  the  three-phase  system,  there  are  three  cur- 
rents differing  in  phases  by  60  degrees.  I  shall  consider  the  charac- 
teristics of  these  three  systems,  as  there  has  been  much  discussion 
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especially  as  to  the  relative  value  of  the  last  two  of  them  for 
transmission  work.  I  shall  not  discuss  the  various  moditications 
of  the  systems,  but  shall  confine  myself  to  general  considerations. 
There  is  no  single-phase  motor  in  successful  commercial  operation 
that  does  not  require  to  be  started  from  rest  by  some  outside 
means.  This  prevents  a  single-phase  current  from  being  used  at 
the  present  time  for  power  distribution  ;  and  as,  in  most  trans- 
mission, the  distribution  of  power  is  an  important  item,  single- 
phase  currents  are  not  suitable  for  this  purpose.  In  a  two-phase 
system  the  currents  are  usually  carried  on  separate  pairs  of  wires, 
while  in  the  three-phase  system,  three  wires  are  generally  used,  a 
common  return  being  unnecessary  as  the  sum  of  the  currents  is 
zero,  unless  the  circuits  are  unbalanced.  In  distributing  on  the 
three-phase  system,  a  fourth  wire  can  be  employed,  as  it  gives  an 
advantage  in  the  amount  of  copper  used. 

In  all  these  alternating  systems  the  greatjdifficulty  lies  in  the 
fact  that  the  inductance  of  the  circuit  causes  the  current  to  lag 
behind  the  electromotive  force.  This  decreases  the  amount  of 
energy  transmitted  by  a  given  current  at  a  given  voltage ;  it 
causes  a  drop  in  the  voltage  of  the  line,  and  it  increases  the  arma- 
ture reaction  of  the  dynamo  for  a  given  current.  The  total 
inductance  of  the  circuit  is  made  up  of  the  inductance  of  the 
transformers,  of  the  dynamos,  of  the  receiving  apparatus  and  of 
the  line.  In  the  ease  of  transmission  to  veiy  long  distances  the 
line  inductance  is  a  large  proportion  of  the  total,  while  the  induct- 
ance of  the  receiving  apparatus  depends  upon  whether  lights  or 
motors  are  to  l)e  supplied  and  upon  the  construction  of  the  latter. 
When  the  different  wires  of  the  multiphase  system  are  fed  from 
windings  on  the  same  dynamo  armature,  then  the  drop  in  voltage 
due  to  any  excess  of  load  on  one  of  these  circuits  cannot  be  com- 
pensated for  on  the  dynamo  itself.  If  the  amount  of  current  and 
the  lag  of  the  current  is  the  same  for  all  of  the  circuits  of  the 
system,  then  it  is  easy  by  a  compounding  winding  of  the  dynamo,  or 
by  changing  the  current  in  the  field  winding,  if  there  is  no  com- 
pounding, to  keep  the  voltage  constant  at  either  the  sending  or 
receiving  end.  When  the  load  on  the  different  wires  of  the  sys- 
tem is  not  the  same,  however,  it  is,  as  I  have  stated,  impossible 
to  keep  all  of  the  circuits  at  the  proper  voltage.  Where  a  two- 
phase  transmission  with  separate  circuits  is  used,  then  if  the  sepa- 
rate circuits  are  wound  on  different  armatures,  each  can  be 
regulated  to  give  a  constant  voltage  at  the  receiving  end.     This 
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is  the  case,  for  instance,  in  the  large  dynamos  built  by  the  West- 
inghouse  company  for  use  at  the  World's  Fair  in  Chicago.  The 
difficulty  due  to  the  uneven  loading  of  the  circuits  is  specially 
marked  in  the  case  of  the  three-phase  system,  and  it  is  one  of  the 
principal  objections  that  have  been  urged  against  the  employ- 
ment of  this  system  for  distribution.  It  should  be  pointed  out, 
too,  that  it  is  not  enough  to  balance  the  quantities  of  current  for 
the  three-branches  of  the  system,  but  the  character  of  the  current 
must  also  be  considered.  A  non-inductive  load  on  one  wire, 
with  an  inductive  load  of  equal  value  on  the  others  would  cause 
an  unbalancing  just  as  if  the  currents  differed  in  amount.  In 
most  of  the  transmission  plants  that  are  being  operated  and  that 
are  proposed,  it  is  required  to  run  both  lamps  and  motors  from 
the  same  circuits,  and  while  a  slight  variation  of  potential  on  the 
motors  would  not  cause  any  particular  trouble,  yet  the  successful 
operation  of  the  lamps  requires  a  pi-actically  constant  voltage.  I 
think,  however,  and  the  same  grounds  have  been  taken  by  others, 
that  in  any  practical  transmission  of  considerable  size,  it  is  pos- 
sible to  so  balance  the  loads  that  this  difficulty  will  not  exist  to 
an  extent  to  cause  any  serious  trouble.  When  the  distributing 
part  of  the  lines  is  reached,  it  is  usually  the  custom  when  a  three 
phase  transmission  is  used,  to  employ  four  instead  of  three  wires. 
As  for  line  inductance  in  the  two-phase  and  three-phase  systems, 
there  is  no  question  that  the  latter  has  an  advantage  in  this  respect. 
By  suitable  arrangement  of  circuits  the  line  inductance  can  be 
brought  to  a  minimum,  and  this  is  of  the  utmost  importance  in 
long  distance  transmission.  I  will  not  take  into  account  the  sup- 
posed increased  efficiency  of  three-phase  motors  and  dynamos  as 
against  two-phase  apparatus,  as  there  is  a  question  as  to  whether 
a  superiority  exists,  but  simply  considering  the  decreased  amount 
of  copper  required  and  the  decreased  inductance  of  the  line, 
there  is  no  question,  in  my  mind,  that  for  transmission,  the  three- 
phase  system  is  superior  to  the  two-phase.  It  is  well  known,  of 
course,  that  the  inductance  of  the  circuit  can  be,  in  some  measure, 
compensated  for  by  the  use  of  condensers  or  over-excited  syn- 
chronous motors.  The  first  of  these  remedies  is,  however,  a  very 
uncertain  quantity  commercially,  while  the  second  should  bo 
used  as  much  as  possible,  that  is,  as  many  synchronous  motors 
should  be  connected  as  is  practicable.  The  best  remedy,  as 
things  stand  at  present,  lies  in  the  careful  construction  of  the  line 
and  the  apparatus,  so  that  the  effects,  although  they  exist,  can  be 
reduced  to  a  minimum. 
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It  has  been  ghown  by  Mr.  Scott,  and  others,  that  it  is  possible 
to  transform  a  two-phase  into  a  three-phase  current,  to  transmit 
it  and  to  transform  it  back  again  to  a  two-phase  current.  This 
will  allow  us,  if  we  wish,  to  use  two-phase  dynamos  for  generating 
the  current,  to  transmit  with  the  advantage  incidental  to  the  use 
of  three  phases,  and  at  our  reducing  end  to  use  two-phase  circuits 
for  transmission.  This  has  some  advantages  as  far  as  balancing 
the  voltage  on  tlie  circuits  go,  and  it  has  been  proposed  in  the 
case  of  several  plants  whose  installation  is  being  considered. 

Looking  broadly  at  the  value  of  alternating  transmission  as 
against  continuous  current  transmission,  we  have  a  gain  in  the 
simplicity  and  safety  in  the  transmission,  and  at  the  distributing 
eind  the  use  of  multiphase  currents  enables  us  to  supply  lx>th 
lamps  and  power  with  an  economy  and  success  comparable  to 
that  of  the  continuous  current  system.  If  it  is  necessary  to  use 
continuous  currents  for  certain  types  of  distribution  at  the  receiv- 
ing end,  they  can  be  obtained  by  the  use  of  rotary  transformers, 
by  which  the  alternating  current  is  transformed  into  a  continnons 
current.  These  machines  have  approximately  the  efficiency  of 
corresponding  continuous  current  dynamos,  while  the  output  for 
a  given  size  is  about  50  per  cent,  greater. 

Possible  Voltages  and   Distances  of  Transmission. 

A  number  of  calculations  have  been  made  as  to  the  possibility 
of  transmitting  electrical  energy  to  very  long  distances.  If  the 
qnestion  of  cost  of  transmission  alone  is  considered,  then  where 
water  })ower8  or  culm  heaps  are  within  distances  of  100  miles  of 
some  large  centre  of  consumption,  it  has  been  shown  that  it 
would  be  profitable  to  generate  and  transmit  electrical  energy. 
In  these  calculations,  however,  voltages  are  assumed  that  have 
never  been  einj)loyed  for  commercial  plants,  and  whose  availa- 
bility is  problematic,  while  suiWcient  stress  is  not  apparently  laid 
on  the  question  of  the  reliability  of  the  power.  If  the  industries 
of  a  large  city  depended  upon  a  single  transmission  plant,  it  is 
evident  that  the  question  of  reliability  is  of  paramount  impor- 
tance. Where  energy  is  supplied  to  manufacturer,  to  street  car 
systems,  and  for  lighting,  a  break  down  that  would  involve  the 
cutting  off  of  current  for  a  day  would  mean  an  enormous 
pecuniary  loss  to  the  community.  As  the  distance  of  transmis- 
sion increases,  the  possibility  of  accident  is  increased  in  greater 
ratio  because  we  have  not  only  the  higher  voltages  to  control  hut 
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tlie  length  of  the  lino  that  niaet  be  looked  out  for  is  also  increased. 
The  beet  gniJe  lies  in  the  practical  experience  which  lias  been 
obtained  in  tlie  present  transmission  plants  and  the  consideration 
of  the  diffieuldes  tliat  have  arisen  and  the  remedies  that  hare  been 
employed.  I  have  prepared  a  partial  list  of  the  principal  trana- 
mission  plants  that  are  now  in  operation. 
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It  will  he  seen  that  the  longest  transmission  is  at  Fresno,  Cal., 
the  distance  being  about  35  miles.  The  highest  alternating 
voltage  need  is  13,000  voltR  at  Znricli,  Switzerland.  The  highest 
direct  potential  is  15,000  volts  at  Brescia. 

All  of  these  plants  are  working  successfully,  and  this  fact  will 
lead  to  still  longer  transmission  and  higher  voltagee.  No  limit  of 
either  distance  or  potential  has  as  yet  been  nfached.  If  we  con- 
sider the  record  of  the  present  transmission  plants,  we  can  safely 
say  that  it  would  not  be  going  outside  of  the  safe  limit  of  devel- 
opment to  transmit  at  least  50  miles  at  a  potential  of  20,000  volta, 
provided  the  energy  could  be  delivered  at  sncli  a  price  as  to  be 
considerably  lower  than  tlie  cost  of  a  corresponding  amount  of 
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energy  obtained  from  a  Bteam  plant.  This,  of  course,  is  a  matter 
of  local  condition  entirely,  and  the  commercial  value  of  such  a 
transmission  will  depend  upon  local  conditions. 

Long  Distance  Transmission  for  Railroad  Work. 

The  possibility  of  long  distance  electric  railroad  lines  is  inti- 
mately connected  with  the  possibility  of  long  distance  transmission 
of  power.  We  have  seen  that  it  is  possible  to  transmit  considerable 
distances  from  a  .single  station.  The  current  so  distributed 
is  not,  however,  such  that  it  can  be  applied  directly  to  railroad 
motors,  but  it  must  be  transformed  at  points  along  the  line,  the 
distance  apart  of  these  points  of  distribution  depending  upon  the 
system  that  is  employed.  At  present  continuous  current  motors 
are  used,  and  considerations  of  safety  would  lead  us  to  use  line 
potentials  not  greater  than  700  volts.  By  distributing  rotary 
transformers  at  distances  of  live  or  six  miles  apart,  we  would  be 
able  to  supply  motors  with  current  without  any  great  investment 
in  copper.  The  amount  of  copper  required,  could  be  still  further 
reduced  by  using  rotary  transformers  with  storage  batteries  thus 
keeping  a  constant  load  on  the  transmission  line.  It  will  be  found, 
however,  that  on  any  long  distance  railroad  line,  the  load  on  any 
section  of  the  line  is  exceedingly  variable  and  the  discharge  rate 
of  the  batteries  will  have  to  be  very  high  in  order  to  prevent  ex- 
cessive cost  for  our  reducing  stations.  It  is  doubtful  whether  we 
have  reached  a  point  in  battery  construction  where  this  system  of 
transmission  would  be  economical.  It  is  certain,  however,  that 
when  the  distances  are  comparatively  short,  say  within  15  miles, 
and  where  the  traffic  is  not  evenly  distributed,  that  rotary  trans- 
formers,  with  or  without  batteries,  can  be  economically  employed 
for  railroad  work. 

Conclusions. 

My  conclusions,  subject  always  to  the  influence  of  local  con- 
ditions, are  as  follows : 

1.  In  both  direct  current  lighting  and  traction  systems,  where 
the  power  is  generated  in  or  near  the  area  of  distribution,  it  is 
best  to  use  one  station  situated  at  the  most  economical  point  for 
producing  power. 

2.  In  the  case  of  the  traction  systems,  when  the  economical 
area  of  direct  distribution  is  passed,  boosters  should  be  employed 
directly  or  in  connection  with  batteries,  to  a  distance  of  ten  or 
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twelve  miles  from  a  station,  and  beyond  this,  rotary  transformers 
whether  with  or  without  batteries,  should  be  used. 

3.  In  the  case  of  direct  current  lighting  systems,  the  energy 
should  be  transmitted  to  storage  batteries  situated  at  centres  of 
consumption  either  directly  or  by  means  of  a  rotary  transformer 
and  distributed  from  them. 

4.  Where  batteries  are  used,  it  is  best  to  place  them  at  tlie  end 
of  feeder  wires  to  obtain  the  advantage  of  a  constant  load  on  the 
wire. 

5.  Tlie  best  system  for  the  long  distance  transmission  of  energy, 
for  general  purposes,  is  the  three-phase  alternating  system. 

6.  Commercial  transmissions  are  in  successful  operation  for 
distances  of  35  miles,  and  for  voltages  as  high  as  15,000  volts. 

Experience  with  these  plants  shows  that  the  transmission  to  50 
miles  with  a  pressure  of  20,000  volts  is  practicable,  beyond  these 
limits  the  transmission  would  be  more  or  less  experimental. 


Discussion. 

Mb.  C.  p.  Steinmetz: — I  have  been  very  much  interested  in 
the  problem  of  power  transmission  and  distribution,  discussed  by 
our  President,  and  while  his  paper  is  so  complete  that  I  cannot 
expect  to  add  anything  essentially  new,  still  less  criticise  it,  I 
would  like  to  make  a  few  remarks,  especially  on  the  rotary  con- 
verter system. 

In  railway  circuits,  wherever  the  distance  is  too  great  for 
direct  feeding  from  the  continuous  current  generator,  the  booster 
is  recommended  for  lines  of  moderate  length,  the  rotary  con- 
verter for  greater  distances.  It  is  probably  not  generally  appre- 
ciated that  the  rotary  converter  is  not  a  mere  transformer  from 
alternating  to  continuous  current,  but  shares  with  the  booster  the 
feature — valuable  in  a  railway  system — of  compounding  or  even 
over-compounding  automatically,  or  still  more  in  general  to  main- 
tain any  desired  continuous  current  voltage  at  its  commutator 
brushes,  irrespective  of  load  or  alternating  current  generator 
voltage,  within  certain  limits.  While  in  any  stationary  alternat- 
ing current  transformer  system  at  constant  generator  voltage,  the 
secondary  terminal  voltage  must  fall  off  with  increasing  load, 
and  an  automatic  compounding  of  the  transformer  is  impossible, 
the  rotary  converter  shares  with  the  synchronous  motor  the 
feature  that  by  varying  its  field  excitation  the  voltage  can  be 
controlled  by  means  of  a  variation  of  the  phase  relation  between 
current  and  e.  m.  f.  Thus  at  no  load,  the  rotary  converter  can 
be  under-excited,  so  that  the  counter  e.  m.  f.  is  below  the  im- 
pressed R.  M.  F.,  and  thus  the  current  lagging  greatly,  and  the 
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E.  M.  F.  of  self-induction  of  the  whole  system  thrown  more  or 
less  in  opposition  to  the  generator  voltage.  The  potential  is 
thereby  reanced  to  the  desired  no-load  voltage.  With  increasing 
load,  the  excitation  of  the  rotary  converter  is  increased,  and  at 
some  intermediate  load  the  counter  k.  m.  f.  becomes  equal  to  the 
impressed  e.  m.  f.,  and  the  rotary  converters  act  as  non-indnctive 
load,  giving  thus  a  lesser  drop  of  voltage  in  spite  of  the  larger 
current  than  at  no  load,  while  with  still  higher  load  the  counter 
E.M.  F.  of  the  rotary  converter  rises  beyond  the  impressed  e.m.f., 
the  current  is  made  leading,  and  the  e.  m.  f.  ot  self-induction 
thrown  more  or  less  in  phase  with  the  generator  voltage,  thus 
actually  raising  the  voltage,  so  that  in  an  extreme  case  the  voltage 
is  lowest  at  generator  terminals,  and  rises,  the  farther  we  go  from 
the  generator,  being  highest  at  the  commutator  brushes  of  the 
converter.  By  means  of  a  weak  shunt  iield  and  a  very  power- 
ful series  field,  the  rotary  converter  can  be  made  to  control  the 
excitation  and  thus  the  voltage  automatically,  and  this  feature  is 
being  made  use  of  to  a  considerable  extent  now  in  power  trans- 
missions for  railway  work. 

Such  a  transmission,  interesting  by  its  absolutely  automatic 
control,  has  been  in  operation  for  about  two  years  in  Portland, 
Oregon.  The  generator  at  Oregon  City  feeds  directly  at  about 
6,000  volts  three-phase  into  the  lines.  The  distance  to  Portland 
is  14  miles.  Step-down  transformers  supply  rotary  converters 
of  400  K.  w.  each,  which  are  greatly  over-compounded,  while  the 
generators  are  operated  at  constant  excitation.  With  an  inherent 
regulation  of  about  15  per  cent,  in  the  generator,  a  resistance 
loss  of  10  per  cent,  in  lines  and  transformers,  and  about  20  per 
cent,  reactance  voltage  at  the  secondary  terminals,  a  drop  of 
voltage  from  no  load  to  full  non-inductive  load  should  be  ex- 
pected of  about  25  to  30  per  cent.;  still  more  at  inductive  load. 
Due  to  the  action  of  the  rotary  converters,  however,  the  potential 
at  the  commutator  brushes  actually  rises  from  500  volts  at  no 
load  to  550  volts  at  full  load,  the  current  being  lagging  at  no 
load,  leading  at  full  load. 

This  plant  is  still  further  interesting- by  having  the  rotary  con- 
verters at  Portland  operating  into  thesametrolley  line,  in  parallel 
with  turbine-driven  airect  current  generators  in  Oregon  City,  14 
miles  away. 

In  low  tension  lighting  circuits,  as  operated  on  the  Edison 
three  wire  system,  considerable  advantage  will  be  gained  by  the 
introduction  of  the  rotary  converter.  The  main  disadvantage  of 
the  low  tension  continuous  current  system  is  the  limited  area 
over  which  the  power  can  be  supplied,  due  to  the  comparatively 
low  voltage.  Tliis  necessitates  tlie  location  of  the  station  in  the 
centre  o^  distribution,  where  land,  coal  and  water  are  more  ex- 
pensive, and  requires  in  cities  like  New  York,  Chicago,  etc.,  the 
operation  of  a  number  of  stations. 

By  supplying  the  generators  with  collector  rings  and  iutar- 
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linking  the  stations  by  high  potential  lines  feeding  throuffh 
step-up  and  step-down  transformers,  during  the  time  of  li^t 
load,  and  perhaps  all  through  the  summer,  the  smaller  stations 
may  be  operated  as  rotary  converter  sub-stations  from  the  larger 
stations,  and  engines  and  boilers  shut  down  altogether,  and  started 
up  only  during  times  of  heavy  load,  where  all  stations  may  be 
operated  as  primary  generating  stations  in  the  same  way  as  at 
present. 

Going  still  a  step  further,  all  stations  may  be  operated  as 
rotary  converter  stations  by  high  potential  feeders  issuing  from 
one  alternating  central  station  located  outside  of  the  city  at  some 
convenient  place.  The  high  potential  feeders  will  be  supplied 
with  constant  alternating  voltage,  and  the  control  of  the  whole 
system  effected  in  the  rotary  converter  sub-stations  by  lead  and 
laff,  eventually,  where  a  very  wide  range  of  voltage  is  required, 
with  the  help  of  stationary  induction  regulators.  Such  a  system 
would  permit  connecting  very  large  motors  directly  on  the  alter- 
nating lines,  and  thereby  relieve  the  low  tension  continuous 
current  system  of  their  reaction. 

With  the  comparison  of  continuous  current  and  alternating 
current  circuits  on  the  basis  of  maximum  voltage,  I  can  not  quite 
agree.  In  the  disruptive  action  of  high  potentials,  a  certain 
sluggishness  exists,  that  is,  disruption  takes  place  a  finite  time 
after  the  application  of  the  potential.  This  makes  it  probable 
that  the  disruptive  strain  of  an  alternating  potential  is  not  pro- 
portional to  the  maximum  voltage,  but  less.  On  the  other  hand 
an  alternating  electrostatic  field  may  cause  deterioration  of  the 
insulating  material  by  mechanical  vibration,  by  heat  due  to  elec- 
trostatic hysteresis  or  similar  phenomena  not  met  with  in  con- 
tinuous potentials.  Continuous  potentials,  however,  offer  a 
formidable  source  of  danger  in  their  electrolvtic  action,  >vhich 
does  not  exist  in  alternating  circuits.  In  the  absence  of  compara- 
tive tests,  it  is  therefore  not  safe  to  compare  continuous  and 
alternating  circuits  on  the  basis  of  the  voltage,  and  it  is  quite 
possible  that  according  to  the  circumstances,  sometimes  the  alter- 
nating and  sometimes  the  continuous  electrostatic  strain  may  be 
more  severe. 

It  is  gratifying  to  see  tliat  the  voltage  used  in  transmission 
lines  has  been  constantly  increased.  While  a  few  years  ago  3,000 
volts  were  hardly  considered  commercially  safe,  now  J  1,000  and 
12,000  volts  are  used  extensively,  and  15,000  to  20,000  volts  dis- 
cussed. The  danger  limit  is  reached  in  the  high  potential  lines  ; 
not  in  the  step-up  and  step-down  transformers.  Transformers 
can  be  built  and  operated  safely  at  voltages  far  beyond  anything 
ever  thought  of  for  power  transmission.  Only  a  few  montlis  ago 
I  was  able  to  reach  by  stationary  transformers  a  potential  of 
160,000  volts  effective,  or  nearly  a  quarter  of  of  a  million  volts 
maximum, — by  the  way,  probably  the  highest  alternating  voltage 
ef^er  experimented  upon  by  man,  if  we  leave  out  electrostatic 
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cliarges  and  oscillatory  diecharges  as  limited  power  phenomena, 
while  in  niy  case  1  had  practically  unlimited  power, — a  100  k.w. 
motor — behind  the  160,000  volts.  In  line  insulation  consider- 
able progress  has  been  made,  and  insulators  can  now  be  secured 
which  will  not  be  pierced  below  50,000  or  60,000  volts  effective 
alternating  potential  in  dry  weather.  When  damp,  in  fog  or 
rain,  a  considerably  lower  voltage  will  leak  or  creep  over  the 
insulator  surface  and  thus  short-circuit  the  line,  and  this  brings 
us  to  the  real  limitation  of  transmission  voltage  which  exists  at 

f)resent :  the  climate.  In  a  perfectly  dry  climate  I  should  not 
lesitate  to  consider  20,000  or  even  80,000  volts  ouitc  safe,  while 
in  a  very  damp  and  foggy  climate,  in  rain  and  sleet,  half  this 
voltage  may  be  decidedly  unsafe. 

Mr.  Townsend  Wolcott  : — Some  little  time  ago,  I  think  about 
three  years  ago,  an  eminent  English  engineer  referred  to  the 
continuous  current  as  a  nearly  obsolete  system,  especially  so  far 
as  distant  transmission  is  concerned,  and  some  of  my  acquain- 
tances here  thought  that  I  was  very  much  behind  the  times 
because  I  could  not  see  it  quite  in  the  same  light.  My  position 
was,  without  placing  any  limits  on  the  future  possibilities  of 
the  alternating  current,  at  that  time  the  continuous  current  was 
certainly  very  far  from  being  obsolete.  It  is  interesting  to 
note  this  evening  that  the  highest  voltage  which  is  mentioned  as 
being  in  successful  commercial  operation  at  the  present  day  is 
continuous  current. 

Mr.  Ricuard  Lamb  : — Mr.  President,  I  have  enjoyed  listening 
to  your  admirable  address,  and  I  would  like  to  make  a  few  sng- 
gestions  in  reference  to  a  detail  of  long  distance  transmission.  It 
seems,  in  the  consideration  that  I  have  had  of  the  matter,  that 
the  main  trouble  has  been  commercial — the  question  of  cost  of  the 
copper.  The  alternating  current  has,  by  your  paper,  been  advo- 
cated for  long  distance  transmission,  and  it  has  one  feature  which 
I  believe  will  in  the  near  future,  cause  it  to  be  used  almost  ex- 
clusively for  longdistance  transmission,  and  that  is  the  skin  effect. 
In  Prof.  Silvanus  Thompson's  text-book  he  states  that  in  a 
thousand  cycles,  only  one  seventh  of  the  diameter  is  pierced,  and 
that  the  greater  the  number  of  alternations,  the  less  the  propor- 
tion of  the  diameter  that  is  pierced.  It  follows,  that  with  suffi- 
ciently high  frequency,  after  giving  due  consideration  to  the 
ampemge  to  be  transmitted,  a  Targe,  comparatively  thin  copper 
tube  will  make  the  best  conductor. 

Now,  one  of  the  long  distance  transmission  difficulties,  is  that 
of  heat  in  the  cable.  If  we  have  our  large  diameter  tube,  we 
have  a  greater  area  subject  to  the  atmosphere  to  cool.  In  some 
of  the  experiments  that  have  been  recently  made  in  Europe,  I 
understand  that  simple  tubes  have  been  nsed  to  very  great  ad- 
vantage in  distributing  alternating  currents.  They  nave  been 
comparatively  large  tubes  so  far  as  the  diameter  is  concerned. 

I  have  been  told  by  one  of  the  largest  manufacturers  iu  tUa 
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country,  that  he  can  make  hifi  tabes  in  sections  of  100  feet  and 
that  tliey  will  be  suflSciently  strong,  supported  at  100  feet  dis- 
tances, not  to  be  blown  down  if  properly  clamped.  They  will  stand 
considerable  strain.  These  tubes  would  be  made  bv  Mannesmann's 
process. 

European  tests  have  shown  that  Prof.  Silvanus  Thompson's 
experiments  were  correct,  and  that  with  an  experimental  tube 
line,  using  a  small  alternating  motor,  they  got  satisfactory  and 
encouraging  results  by  comparison  with  a  plain  copper  wire.  I 
believe  that  in  the  feeder  system,  for  long  distance  work  on  the 
Erie  Canal,  copper  tubes  will  be  used.  A  test  will  be  made 
looking  to  that  object. 

I  would  like  very  much  to  hear  any  comments  that  the  Presi 
dent  may  care  to  make  upon  that  sub ject. 

Mb.  Elias  E.  Ries  : — Mr.  President,  I  have  listened  with  a 
good  deal  of  interest  to  the  valuable  paper  presented  to  the  meet- 
ing this  evening,  and  particuiarlj^  so  because  T,  myself,  have 
given  the  subject  a  great  deal  of  attention.  About  eight  or  ten 
years  ago  I  commenced  some  experiments  with  alternating  cur- 
rents with  a  view  to  their  application  to  railway  work,  as  it  was 
perfectly  clear  to  me  even  at  that  time  that  if  electric  railways 
were  to  be  extended  over  long  distances,  if  electricity  was  ever  to 
take  the  place  of  steam  on  trunk  line  roads,  or  even  if  it  were  to 
be  extended  into  the  suburbs  of  cities  for  the  operation  of  or- 
dinary street  railways  over  more  than  the  average  municipal 
distances,  that  higher  transmitting  pressures  must  be  used  than 
the  direct-current  50()-volt  systems  were  employing,  and  I  gave 
the  subject,  as  I  have  stated,  considerable  attention,  and  subse- 
quently took  out  what  I  believe  to  be  the  first  patents  that  were 
ever  gmnted  on  the  application  of  alternating  currents  of  various 
types  to  railway  work.  At  that  time  and  for  a  long  period 
afterward,  the  trend  of  popular  feeling  on  the  subject  oi  alter- 
nating currents  for  railway  or 'any  other  kind  of  power  transmis- 
sion was  rather  backward,  and  I  am  very  glad  indeed  to  hear 
from  the  evidence  presented  in  the  address  to  which  we  have 
just  listened,  that  during  the  pavSt  few  years  the  opinion  held  by 
prominent  electricians  on  that  subject  lias  changea.  Now,  there 
were  several  methods  referred  to  in  this  paper  whereby  the  line 
losses  to  which  existing  electric  railways  are  subject  could  be 
minimized  and  bj'  means  of  which  various  types  or  transmission 
could  be  employed,  and  it  was  said  amcmg  other  things,  that  a 
combination  of  the  direct  and  alternating  current  systems  could 
be  employed,  the  alternating  beiujp:  used  for  transmission,  and  by 
means  of  rotary  converters  transtormed  into  a  direct  current  at 
lower  potential ;  also  that  the  three-phase  and  two-phase  alter- 
nating current  systems  had  certain  fields  before  them  for  long- 
distance work,  with  or  without  the  use  of  a  secondary  battery  for 
maintaining  the  load  factor  constant,  despite  the  heavy  fluctuations 
that  exist  in  railway  work.    The  employment  of  a  secondary  bat- 
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tery  for  this  purpose,  when  properly  applied,  offers  an  excellent 
method  for  the  maintenance  of  the  greatly-to-be-desired  uniform 
load,  and,  in  connection  with  direct-current  motors,  affords  proba- 
bly the  best  means  for  bringing  about  a  maximum  degree  of 
economy  in  copper  cost  for  a  given  system  of  distribution,  as  well 
as  the  maximum  efficiency  in  the  operation  of  the  generating 
plant.  It  is,  however,  not  necessary  that  the  battery  be  located 
on  the  line  in  order  to  accomplisli  this  result,  since  the  desired 
end  can  in  many  cases  be  effected  to  better  advantage,  in  my 
opinion,  by  carrying  the  battery  upon  the  cars.  This  latter  plan 
has  certain  additional  advantages  to  commend  it  which  I  will  not 
now  take  the  time  to  discuss.  As  to  the  relative  merits  of  the 
single  and  multiphase  systems,  however,  my  own  opinion  is  that, 
owmg  to  the  great  simplicity  and  flexibility  of  the  single-phase 
alternating  current,  it  is  more  than  likely  that  that  will  be  the 
ultimate  system  to  be  employed  in  future  for  electric  power 
transmission  on  railways.  Considerable  progress  has  been  made 
in  recent  years  in  the  direction  of  operating  single-phase  alter- 
nating current  motors  and  making  them  self-starting.  I  have 
done  some  work  in  that  direction  myself  and  I  do  not  think  I  am 
saying  too  much  when  I  predict  that  within  a  comparatively 
short  time  we  will  have  at  our  disposal  motors  of  that  type  which 
will  be  capable  of  successful  railway  work,  being  self-starting  and 
furnishing  a  reasonably  satisfactory  torque,  even  at  slow  speeds 
which  will  compare  favorably  with  the  work  performed  by 
direct-current  railway  motors  to-day.  If  we  are  ever  to  operate 
long-distance  electric  railways  economically,  we  must  run  up  the 
transmitting  potential  as  high  as  the  state  of  the  art  in  insulating 
our  currents  will  permit,  and  then  transform  them  down  to  a 
safe  working  potential  at  sub-stations  or  transforming  vaults 
along  the  line  of  way,  at  which  ordinary  alternating  current  con- 
verters are  placed,  the  lower  pressure  secondary  terminals  of 
which  are  in  connection  with  the  railway  conductors.  For  the 
time  being  it  is  possible  and  very  probable  that  a  great  deal  of 
work  will  be  done  by  converting  the  alternating  transmission 
current  into  a  lower  tension  direct  current  through  rotary  trans- 
formers, as  has  been  said,  and  that  is  not,  in  my  opinion,  an  alto- 
gether objectionable  system.  It  is  better  than  being  compelled 
to  waste  a  great  deal  of  copper  such  as  we  are  in  the  habit  of 
doing  to-day,  and  it  possesses  the  somewhat  questionable  advan- 
tage of  enabling  us  to  use  the  direct-current  railway  motors  to 
which  we  are  at  present  accustomed.  But  the  tendency  of  modem 
times  is  towards  simplicity.  The  Question  of  transmission  of 
electric  power  for  railway  work  will  be  no  exception,  and  there 
can  be  no  doubt  that  in  the  present  case  all  the  advantages  are 
on  the  side  of  a  purely  alternating  current  system  throughout. 

I  do  not  think  it  is  necessary  tor  me  to  add  anything  further 
on  the  subject  this  evening,  as  it  has  been  very  ably  and  fully 
discussed  in  its  various  bearings.   But  it  is  a  matter  that  intereata 
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the  Institute  and  the  public  in  general  very  largely  and  I  trust 
that  other  raerabei's  will  in  the  near  future  bring  up  the  matter 
and  throw  such  additional  light  upon  it  as  their  experience  may 
permit  them  to  do. 

Mr.  Nklson  W.  Perry: — The  question  of  distribution  of 
energy  in  municipalities,  that  is  short  distribution,  as  distinguished 
from  transmission  of  energy  over  long  distances  presents  quite  a 
different  problem.  The  two  cases  are  entirely  diflEerent  and  dis- 
tinct. For  instance,  we  find  that  in  long  distance  transmission  of 
energy,  the  transmission  of  that  energy  in  the  potential  form  is 
usually  the  cheaper  way.  I  think,  Mr.  rresident,  you  said  in  one 
of  your  former  papers  that  the  transmission  of  coal  was  effected 
to-day  at  about  half  a  cent  per  ton  mile.  Now  we  find  in  our 
large  cities  that  while  we  have  got  our  coal  to  the  depot  or  to  the 
water  front  at  a  cost  of  say  half  a  cent  per  ton  mile,  we  are  pay- 
ing fifty  cents  perhaps  per  ton  mile  to  get  it  from  the  water  front 
to  our  central  station.  It  costs  fifty-seven  cents  a  ton  to  deliver 
coal  on  the  sidewalk  outside  the  Duane  Street  station  of  the 
Edison  Electric  Illuminating  Company  of  New  York  and  to 
carry  away  the  ashes,  and  that  is  a  distance  of  perhaps  a  mile  and 
a  half,  not  more  than  two  miles,  from  the  water  front.  Now  in 
respect  to  distribution  in  a  large  city,  it  is  necessary  with  our  low 
potential  system  of  course  to  locate  our  central  station  in  the  cen- 
tre of  the  district  to  be  supplied  where  real  estate  is  high.  That 
means  that  our  fixed  charges  are  large,  and  one  of  the  largest 
charges  in  the  cost  of  our  energy  is  the  fixed  charges.  It 
becomes  necessary  then  that  we  should  reduce  those  fixed  charges 
to  the  lowest  possible  amount.  With  our  present  methods  I 
believe  it  is  fair  to  assume  that  the  boiler-room  occupies 
about  the  same  space  as  the  dynamo  and  engine  room  do ;  that  is 
they  are  about  half  and  half.  The  gas  engine  is  a  recourse  which 
I  have  advocated.  It  would  do  away  with  the  boiler-room  which 
takes  fifty  per  cent,  of  the  floor  space.  It  would  require  a  little 
more  attendance  perhaps  than  the  steam  engine,  but  the  stand-by 
losses  would  be  reduced,  and  it  would  permit  tlie  location  of  our 
plants  oil  property  which  was  cheap  and  where  fuel  could  be  had 
with  the  minimum  of  handling.  I  recently  had  occasion  to  make 
a  few  calculations  as  to  the  cost  of  distribution  of  energy  in  the 
potential  form  of  gas.  Assuming  a  gas  of  .55  specific  gravity  and 
with  a  calorific  power  such  that  25  cubic  feet  consumed  in  a  gas 
engine  per  hour  would  give  a  horse  power  hour  under  fair  con- 
ditions, I  got  some  results  which  astonished  me,  and  which 
will  doubtless  astonish  others  who  have  not  looked  into  the  mat- 
ter. Assuming  a  transmission  to  a  distance  of  5,000  yards,  gas 
of  a  specific  gravity  of  .55,  and  a  pipe  12  inches  in  dian»eter,  and 
to  provide  for  bends,  that  there  was  a  90  degree  bend  every  2u0 
yards,  I  have  figured  out  the  percentage  of  power  consumed  in 
the  transmission  under  various  degrees  of  water  pressure.  Under 
one  inch  of  water  pressure  we  would  transmit  500  horse  power  of 
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8uch  a  gas,  the  percentage  of  the  power  transmitted  consumed  in 
transmission  wonld  be  .007  of  1  per  cent.  Then  going  to  10 
inches  of  pressure  we  would  deliver  1600  horsepower  with  a  loss 
in  energy  of  transmission  of  .07  of  one  per  cent,  of  the  power  de- 
livered. The  percentage  loss  in  transmission  with  gas  is  very 
nearly  directly  proportional  to  the  pressure,  whereas  you  know  that 
with  electricity  it  is  the  other  way,  and  the  two  curves  would 
cross  each  other  somewhere — just  where,  would  depend  upon  the 
conditions.  While  the  gas  transmission  for  municipal  distribution 
would  seem  to  be  by  far  the  more  economical  method,  it  would  not 
apply  at  all  to  the  longer  transmissions  because  of  the  direction  of 
these  two  curves  which  would  be  straight  lines  approaching  each 
other  at  a  somewhat  obtuse  angle.  The  plan  whicn  I  had  in  mind 
was  the  location  of  a  large  plant  for  commercial  purposes  on  land 
which  was  cheap,  on  the  water  front  or  on  a  railroad  where  the 
coal  could  be  handled  at  a  minimum  of  expense,  and  the  ashes 
be  gotten  rid  of  with  very  little  trouble,  and  the  transmission  of 
that  fuel  gas  to  centres  of  distribution  where  gas  engines  would 
be  employed  to  drive  dynamos.  Those  centres  \^oula  preferably 
be  centres  of  smaller  radii  than  usually  supplied  by  central 
stations,  or  if  for  any  reason  it  seemed  detiirable  to  increase  the 
radius  of  these  districts,  and  even  with  the  shorter  ones,  it  might 
be  advisable  as  President  Duncan  has  said,  to  use  the  storwe  bat- 
tery in  order  to  use  the  machinery,  and  plant,  and  labor  that  we 
did  employ  to  the  best  advantage  by  operating  them  continuously 
at  their  best  output.  But  it  seemed  to  me  that  these  figures  of 
the  cost  of  transmission,  the  drop  in  transmission  by  gas,  is  some- 
thing that  is  astonishing.  I  haa  no  idea  that  I  would  arrive  at 
any  such  figures  as  those  when  I  started  to  make  these  cal- 
culations. In  electrical  transmission  when  the  distance  is  not  very 
long  we  allow  10  per  cent.  Five  per  cent,  would  not  be 
economical  in  many  cases,  and  here  we  go  down,  in  one  case,  to 
the  seven  thousandth  part  of  one  per  cent. 

Mr.  J.  G.  Whitk: — I  presume  that  most  of  the  people  present 
are  electrical  engineers  rather  than  gas  engineers,  and  are  con- 
sequently interested  in  seeing  the  electrical  side  of  this  question 
fairly  upheld.  I  would  like  to  ask  Mr.  Perry  one  question,  and 
that  is,  what  allowance  he  has  made  for  leakage  in  his  gas  trans- 
mission, and  what  allowance  it  would  probably  be  necessary  to 
make  for  leakage,  assuming  that  the  energy  was  electrically 
transmitted.  In  the  gas  transmission,  so  far  as  I  know  the  sub- 
ject, the  leakage  is  by  large  odds  the  most  important  item,  and 
the  loss  in  pressure  or  loss  of  energy  due  to  transmission  is 
practically  negligible,  whereas  directly  the  reverse  is  true  with 
the  electrical  transmission.  I  know  of  a  gas  plant  which  is  now 
in  operation  and  distributing  its  produce  through  some  three 
miles  of  pipe,  the  most  distant  point  being  within  two  miles  of 
the  holder,  in  which  the  average  loss  due  to  leakage  is  about  43 
per  cent.      Suppose  we  add  to  that  the  .007  of  one  per  cent,  for 
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loss  in  transmissioD ;  then  we  get  a  very  respectable  total.  So 
large  an  allowance  would  not  be  necessary  with  a  well  constructed 
line — one  that  was  kept  in  good  repair ;  but  it  would  even  then 
be  a  very  considerable  item. 

Mr.  Perby:— 1  would  say  that  I  had  not  allowed  for  40  per 
cent,  leakage  in  this  estimate  of  mine.  A  friend  suggests  tnat 
the  leakage  referred  to  may  have  been  in  a  municipal  plant. 

The  President: — The  transmission  was  certamly  very  eco- 
nomical ;  but  everyone  who  has  seen  an  Italian  pushing  a  lot  of 
dynamite  in  a  push-cart  must  have  observed  that  there  was  a 
great  deal  of  energy  transmitted  with  very  little  expenditure  of 
power.  We  would  hardly,  however,  consider  a  push-cart  a  partic- 
ularly efficient  means  of  power  transmission. 

Mr.  Steinmetz: — On  single  phase  alternating  current  motors, 
inventors  have  been  working  smce  the  early  days  of  alternating 
current  distribution,  that  is  for  about  ten  years,  and  on  an  aver- 
age about  three  or  four  times  every  year  we  have  been  told  by 
some  inventor  that  the  single  phase  motoric  practically  perfected, 
and  that  we  should  wait  a  few  months  only  to  see  a  perfect  motor 
brought  on  the  market, — and  we  are  waiting  still. 

In  the  meantime  our  theoretical  and  practical  knowledge  of 
alternating  current  phenomena  has  been  vastly  increased,  so  that 
we  can  fairly  well  judge  now  on  the  prospects  of  self-starting 
single  phase  motors. 

The  self-starting  single  phase  motor  of  the  induction  type  is 
not  a  mere  fantasy  any  more,  but  such  motors  are  listed  as 
standard  apparatus  by  manufacturers,  and  are  in  commercial 
operation.  At  present,  for  instance,  I  am  building  a  100  h.  p. 
single  phase  induction  motor  to  go  on  a  60  cycle  lighting  circuit, 
ana  to  start  with  considerable  torque. 

It  must  be  understood,  however,  that  the  single  phase  induc- 
tion motor  compared  with  the  polyphase  motor  must  necessarily 
be  less  efficient,  have  a  lower  power  factor,  and  a  larger  exciting 
current,  and  require  a  larger  current  to  start  with  the  same  torque. 
That  is,  if  in  a  polyphase  induction  motor  the  efficiency  averages 
from  75  to  94  per  cent.,  according  to  the  size,  the  power  factor 
from  85  to  90  per  cent.,  the  apparent  efficiency  from  60  to  80 
per  cent.,  the  exciting  current  Irom  i^O  to  35  per  cent.,  and  the 
motor  will  start  with  luU  load  torque,  while  consuming  not  more 
than  full  load  current,  the  single  phase  induction  motor  will  give 
only  from  65  to  85  per  cent,  efficiency,  from  70  to  85  per  cent, 
power  factor,  from  50  to  70  per  cent,  apparent  efficiency  ;  it  will 
nave  an  exciting  current  from  35  to  60  per  cent.,  and  require 
from  two  to  three  times  full  load  current  to  start  with  full  load 
torque,  or  develop  from  one  third  to  one-half  full  load  torque 
with  full  load  current  in  starting.  Indeed  a  very  satisfactory  and 
efficient  single  phase  motor  can  oe  produced,  but  the  same  motor 
operated  as  a  polyphase  motor  would  be  still  better. 

The  single  phase  synchronous  motors  are  not  self -starting,  bnt 
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have  to  be  started  by  some  means,  either  as  polyphase  motors  by- 
phase  splitting  devices,  or  by  means  of  commutators,  in  very- 
small  motors,  or  by  a  small  induction  motor  or  direct  current 
motor.  When  running  at  speed,  however,  they  are  practically 
as  good  and  efficient  as  polyphase  synchronous  motors,  and 
produce  no  lagging  currents,  but  when  properly  excited  give  100 

I)er  cent,  power  factor,  and  can  even  be  made  to  compensate  for 
aggintf  currents,  by  over-excitation. 

Such  motors  have  been  used  for  power  transmission,  and  the 
oldest  power  transmission  by  alternating  currents  in  this  country, 
the  Walla  Walla  plant, — still  in  opjration,  I  believe, — con- 
sists of  a  pair  of  60  k.  w.  high-frequency  alternators,  one  a» 
generator  and  the  other  as  motor.  The  method  of  starting  the 
plant  is  quite  interesting.  The  generator  has  a  500-volt  exciter, 
the  motor  a  110-volt  exciter.  The  line  cnnsists  of  two  wires  in 
parallel.  In  starting,  the  1 10- volt  exciter  of  tlie  motor  is  started 
as  c«^ntinuous  current  motor  over  one  of  the  lines  by  the  500-volt 
exciter  of  the  generator,  and  starts  the  synchronous  motor. 
When  up  to  speed,  the  motor  is  synchronized  with  the  generator 
over  the  second  line,  then  the  continuous  current  starting  line 
is  disconnected  and  thrown  in  parallel  with  the  other  line. 

Other  alternating  single  phase  motors,  as  series  and  shunt 
motors  or  commutator  motors  in  general,  need  hardly  be  dis- 
cussed, since  they  have  proved  a  dismal  failure  even  in  such 
sn}all  sizes  as  fan  motors.  As  a  starting  device,  the  commutator 
is  used  on  synchronous  motors  to  a  limited  extent. 

Mr.  Riks: — I  wish  to  state  that  I  sncceeded  some  time  ago  in 
constructing  a  synchronous  motor  that  was  self-starting.  How- 
ever, 1  have  not  arrived  at  that  point  where  I  would  recommend 
that  motor  for  use  as  a  practical  railroad  motor.  It  was  rather 
of  smaller  size  and  for  that  reason  I  did  not  state  that  a  successful 
alternating  current  motor,  single  phase,  self-starting,  was  now 
immediately  available,  but  that  I  hoped  and  thought  that  it  would 
be  very  shortly.  I  am  glad  to  note,  however,  tliat  Mr.  Steinmetz 
is  willing  to  admit,  as  we  most  of  us  know,  that  there  are  in  use 
successful  single-phase  alternating  current  motors,  even  though 
their  efficiency  as  compared  with  the  two- phase  motor  or  with  a 
direct-current  motor  may  not  be  very  large.  However,  the  point 
must  not  be  lost  sight  of  in  discussing  the  transmission  of  power 
for  railroad  work,  that  in  using  a  two-phase  or  three-phase  motor 
it  renders  necessary  the  use  of  two  or  more  overhead  trolley 
wires  or  other  line  conductors  instead  of  a  single  one,  still  using^ 
the  ground,  of  course,  as  the  return.  That  necessity  involvea 
objections  of  so  serious  a  nature  that  we  can  well  afford  to  sacri- 
fice something  in  the  efficiency  of  the  motor — a  single-phase 
motor — if  by  that  means  we  are  put  in  a  position  to  operate  onr 
lines  by  means  of  high-tension  transmission  and  low-tension  work- 
ing currents  as  I  originally  proposed.  Another  very  great  point 
in  favor  of  the  single-phase  alternating  current  &Y6t4v£LlVAX»\s^x^'^ 
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not  be  overlooked  is  tlie  exceeding  siinpliciiy,  mechanically  and 
electrically,  of  the  alternating  current  motor,  and  its  ease  of  con- 
trol and  freedom  from  faults  and  serious  breakdowns  under  ex- 
cessive loads  as  compared  with  the  railway  motors  now  in  general 
use.  These  advantages  are  sufficient,  in  my  opinion,  to  more 
than  counterbalance  the  losses  due  to  their,  at  i)resent,  slightly 
lower  electrical  efficiency.  It  was  in  that  view  of  the  situation 
that  I  say  that  in  order  to  have  the  greatest  simplicity  in  the 
system,  and  simplicity  is  required  if  it  is  ever  to  he  a  permanent 
success,  the  single-phase  alternating  current  system  is  the  one 
that  will  in  all  probability  be  adopted.  Of  course,  as  in  every 
other  direction  of  development  and  progress,  we  must  make  use 
of  those  things  we  have,  before  flying  to  others  that  we  know  not 
of,  or  at  least,  have  not  in  immediate  hand.  The  ne.xt  year  or 
two  will  probably  see  a  great  many  long-distance  electric  railways 
installed  in  which  rotary  transformers  are  employed.  There  is 
no  objection  whatever  to  rotary  transformers  except  that  they  in- 
volve the  use  of  moving  mechanism,  and  still  retain  that  undesira- 
ble and  apparently  indispensable  commutator ;  and  if  you  place 
rotary  converters  at  various  substations  along  the  line,  one  or  two 
attendants  at  each  station  are  required  to  look  after  them  and  keep 
them  in  order.  Whereas  if  you  put  down  a  static  converter  with 
no  moving  parts  whatever,  it  can  run  itself  without  any  attention; 
you  can  bury  it  out  of  sight  in  a  hermetically  tight  box  or  vault  or 
any  other  suitable  receptacle  and  it  requires  no  attention  what- 
ever, and  everyone  must  concede  that  such  a  system  as  that,  is  by 
far  the  most  desirable  one,  and,  as  I  have  already  said,  we  can 
easily  afford  to  sacrifice  a  little  in  the  efficiency  of  our  motor  if 
by  that  means  we  can  operate  a  system  possessing  so  many  points 
OT  superiority,  and  so  many  vastly  greater  advantages  than  the 
direct-current  system  that  we  now  have,  or  than  the  tw^o-phase  or 
three-phase  system,  with  its  multiplicity  of  wires,  that  has  been 
spoken  of. 

Mb.  Steinmetz  : — While  1  do  not  share  the  opinion  that  single 
phase  alternating  current  motors  will  find  an  application  in  the 
near  future  for  railway  work,  polyphase  alternating  railway 
systems  will  probably  be  installed  to  a  certain  extent  soon.  They 
have,  indeed,  the  disadvantage  of  requiring  two  trolleys.  How- 
ever, as  you  all  know,  one  of  the  largest  street  railway  systems 
in  this  country  is  operated  on  the  double  trolley  system,  and 
operated  successfully,  and  the  objections  to  the  double  trolley 
are  very  much  less  on  long  distance  high  speed  roads,  and  on 
suburban  and  interurban  lines,  where  switches  and  crossings  are 
few,  and  such  roads  would  constitute  the  proper  field  of  applica- 
tion for  three  phase  railways. 

Kegarding  self -starting  single  phase  synchronous  motors,  no  such 
motor  has  ever  been  built.  Of  course,  a  single  phase  synchronous 
motor  can  be  supplied  with  a  commutator  to  start  as  series  motor, 
^nd  will  then  start,  provided  that  the  load  is  light  enough,  and  the 
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motor  Ib  small  enough  to  come  up  to  speed  before  the  commu* 
tator  has  burned  up. 

Mr.  Wolcott: — I  would  like  to  ask  for  information  if  there  are 
any  polyphase  railroads  in  operation  now,  except  the  one  at 
Lumno,  Switzerland. 

Mr.  Steinmetz  : — There  is  no  three-phase  railway  in  operation 
in  this  country,  but  in  Europe  I  have  heard  that  one  small  road 
is  being  operated.  I  have  been  doing  a  considerable  amount  of 
experimenting  during  the  last  two  years  on  three-phase  railway 
motors,  with  entire  success,  and  in  all  probability  some  rof^s  will 
soon  be  equipped  with  such  motors. 
Adjourned.] 
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The  Pkesident  : — Tliis  evening  we  have  a  topical  discussion  on 
"Electric  Traction  under  Steam  liail  way  Conditions,"  to  be  opened 
by  Dr.  Cliarles  E.  Emery. 
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ELECTRIC    TRACTION    UNDER    STEAM    RAILWAY 

CONDITIONS. 

(A  Topical  Discussion.) 


Opentng  Remarks  by  Dr.  Chas.  E.  Emery. 

In  accepting  an  invitation  to  open  this  discussion  upon  general 
lines,  it  appeared  necessary  to  make  an  investigation  to  ascertaiu 
in  a  fi^eneral  way  the  outcome  of  an  attempt  to  introduce  electric 
traction  on  our  trunk  line  railways,  in  view  of  the  rapid  im- 
provements that  have  been  made  in  electrical  apparatus,  and  the 
reduction  of  cost  that  has  followed  the  greater  demand. 

In  the  light  of  recent  achievements,  it  can  be  assumed  at  the. 
outset  that  electric  traction  under  steam  railway  conditions  is 
feasible.  The  only  question  is  whether  it  will  pay.  The  present 
applications  only  prove  the  former  proposition,  but  do  not  touch 
the  latter. 

Electric  trai-ition  on  street  railways  was  commercially  success- 
ful because  it  gave  increased  power  by  comparatively  simple 
means,  and  the  actual  cost  of  operation  was  less  than  formeriji^ 
with  horses,  so  that  the  saving  in  this  respect,  and  the  increased 
travel  due  to  better  facilities,  warranted  the  enormous  develop^, 
ment  which  has  taken  place  in  this  direction.  The  application 
of  electric  locomotives  for  suburban  trat&c  underground,  as  on 
the  City  and  South  London  Railway  and  on  a  branch  surface 
road  to  Nantasket  Beach,  near  Boston,  with  other  somewhat, 
similar  applications,  show  the  practicability,  desirability  and 
financial  success  of  electric  traction  for  such  service.  The  Balr 
timore  tunnel  application  shows  that  electric  power  may  be  trans- 
mitted and  utilized  in  very  large  units  successfully,  and  the  fre^ 
doni  from  escaping  gases  warrants  the  application  at  that  particu^ 
lar  location  without  further  investigation.  In  suburban  trat&c  a^ 
certain  flexibility  is  necessary  by  which  large  crowds  may  be 
taken  when  desired  ;  and  if  the  comfort  of  the  transit  can  bcscK 
increased  as  to  make  frequent  trips  desirable  to  travelers,  the 
business  will  be  built  up  and  the  heavy  expenditure^  necessary, 
to  cliange  to  electricity  be  compensated  for  in  this  way,  even  oa 
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tlie  present  steam  operated  roads  for  considerable  distancps  from 
lar^e  business  centres.  It  does  not  seem  probable,  however, 
under  present  conditions,  that  any  probable  increase  of  travel 
will  warrant  the  enormous  outlay  necessary  to  secure  electric 
traction  throughout  the  whole  length  of  our  tnmk  railroads. 

The  greatest  practical  efficiency  of  an  electric  system  of  the 
kind  proposed,  between  the  engines  at  the  central  station  and  the 
rails  would  probably  be  60  per  cent.  This,  on  account  of  a 
second  transmission  to  sub-stations  and  the  necef^sity  of  using 
rheostatic  regulation  to  some  extent,  would  probably  be  reduced 
to  50  per  cent.,  so  that  twice  as  many  horse  power  would  need  to 
be  generated  at  the  central  station  as  at  the  track  with  the  pres- 
ent steam  locomotives.  Each  horse-power  in  the  central  station 
will  be  developed  for  two  pounds  of  cheap  coal,  or  four  i)ound8 
per  net  h.p.  delivered,  whereas  the  steam  passenger  locomotive 
will  on  the  average  require  six  pounds,  based  on  net  tractive 
force  and  allowing  for  the  various  wastes.  The  saving  in  coal 
due  to  electric  passenger  traction  will  therefore  be  one-third. 
Coal  is  procured  cheaply  by  the  j*ai]road^,  but  probably  an  infe- 
rior quality  costing  50  cents  per  ton,  or  say  25  per  cent,  less  than 
that  used  on  locomotives, could  be  employed  in  the  electric  stations, 
so  that,  for  trains  of  like  weight,  the  saving  in  costoi  coal  for  pas- 
senger service  would  be  |  X  |  =  ^.  P'or  freight  engines  we  cal- 
culate the  saving  in  cost  for  fnel  will  be  about  55  per  cent.,  and 
for  switching  engines  about  (UJf  per  cent.  On  railroads  running 
through  the  coal  regions  the  total  cost  of  coal  is  about  9  ])er  cent, 
of  the  total  operating  expenses.  A  saving  of  one-half  in  the  cost 
of  the  coal  then  corresponds  to  a  saving  of  5  percent,  of  operating 
expenses.  For  reasons  that  will  be  stated  later,  it  is  believed 
that,  for  general  railroad  work,  independent  electric  locomotives 
will  be  required,  and  that  these  will  necessarily  be  as  heavy  as 
present  steam  locomotives,  on  which  basis  the  only  saving  in 
M'eight  will  be  that  of  the  tender,  which  \ve  have  assumed  as  10 
per  cent,  of  tlie  total  weight  of  the  train  for  passenger  engines, 
^.3  per  cent,  for  freight  engines,  and  5  per  cent,  for  switching 
engines.  The  total  load  to  be  hauled  will  therefore  be  decreased 
by  tJiese  several  percentages,  and  the  cost  of  coal  reduced  thereby 
to  45  per  cent,  of  that  required  by  the  present  locomotives  for  pas- 
senger trains ;  43^  per  cent,  for  freight  trains,  and  32  per  cent, 
for  switching  trains.  Applying  these  percentages  for  the  rela- 
tive amounts  of  coal  used  for  these  different  purposes  on  a 
prominent  railroad,  the  average  saving  in  fuel  becomes  58.9  per 
cent,  or  5.89  per  cent,  of  operating  expenses.  The  cost  of 
water  is  taken  at  f  of  1  per  cent,  on  the  same  basis,  which  in- 
creases the  saving  to  6.50  per  cent. 

Considerable  savings  have  been  claimed  on  other  grounds. 
First,  in  relative  repairs  of  electric  motors  compared  with  loco- 
motives. Repairs  will  be  less  on  the  motors  of  course,  but  are 
not  inconsiderable,  and  when  we  consider  that  the  transmission 
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line,  trolley  line  and  trolleys  must  be  kept  in  repair  as  well  as 
the  motors,  it  cannot  be  far  in  error  to  assume  that  the  question 
of  repairs  will  be  about  balanced,  independent  of  central  station 
apparatus  otherwise  provided  for. 

It  has  been  claimed  that  labor  will  be  saved  because  the  second 
mi^n  on  an  electric  locomotive  is  required  simply  to  provide  for 
sickness  or  accident  of  the  driver,  and  can  well  be  the  bagprage- 
man  of  a  passenger  train  or  the  conductor  of  a  freight  train. 
Soinething  of  this  kind  may  be  worked  out  on  an  unimportant 
country  road,  but  it  would  be  impracticable  on  a  large  business 
scale.     If  a   trunk   line   were   to   be  changed  to  electricity  to- 
morrow the  best  policy  would  be  to  keep  the  old  engineers  to. 
opierate  the  locomotives  and  learn  of  electricity  as  fast  as  possi- 
ble, and  to  put  the  young  men  from  the  training  schools  oi  the 
large,  companies  as  the  second  men  to  watch  electrical  details 
and  (Overcome  unforeseen  contingencies^  the  iiremen  taking  their 
places  as  they  learn  how.     It  is  also  claimed  that  there  will  be  a 
saving  in  the  weight  and  cost  of  electric   locomotives,  particu- 
larly when  applied  under  a  car,  but  this  system  is  of  .limited  ap- 
plication,    lleavy  locomotives  on   trunk   lines   must   have*  the 
sauip;  weight  for  electric  as  for  steam  traction,  independent  of  the 
teivJer,  as   explained    hereafter.     T-arge   savings   in    repairs   to 
tracks  and  bridges  are  also  claimed  on  account  of  the  smooth- 
ness with  which  electric    locomotives   having   nq  reciprocating, 
parts  would  operate.     The  sanie  \i^eights  must  be  run  over  the 
sarinq  J^ijs  at  the  same  speed,  and  at  least  a  great  part  of  the 
we^r  and  tear  would  be  due  to  inequalities  of  the  track  surface 
winch, would  influence  both  systems  alike*.     The  present  loco-, 
motives  are  so  designed  th^t,  while  the  wheel  loads  on  the  driv- 
ers are  heavy,  the  masses  which  strike  blows,  are  compamtively 
light ;    that  is,  they  have  simple  wheels  and  axles,  spriujf-con- 
nectqd  to  the  frames.     This  is  a  very  diflicult  thing  to  accom- 
plish with  an  electric  locomotive  without  using  exactly  the  same 
con.itruction.     On   a.  comparatively   smooth   track,   remarkable - 
stemliriess  of  movement  may  be  obtained,  if  the  armatures  of  the 
motors  are  secured  to  the  ax)es  of  the  driving  v%'heel  and  the 
fieUJs,  supjK)rted  concentric  therewith,  but  such  an  arrangement 
is  entirely  unfitted  for  a  railroad   track  in  average   condition. 
Springs  only  relieve  the  frame.     Each  pair  of  wheels  and  at- 
ta^lijod  motor  acts  as  an  enormous  trii)-hammer  on  the  rails  and 
roadbed  the  moment  the  former  gets  the  least  out  of  alignmeht, 
by  defect  in  original  construction,  by  settling  after  rains  or  from 
other  causes.     A  connection  to  driving  axles  through  gearing  re- 
du^^»s  the  blows  very  materially,  but  introduces  at  high  speed 
ano.ther  difliculty.     The  vertical  movements  of   the  main  axle 
would  necessarily  cause  a  change  in  the  angular  velocity  of  the 
armature  during  the  time  of  such  movement,  which,  for  jars 
occurring  in  the  fraction  of  a  second,  would  bring  a  heavy  strain 
on  the  gearing  and  vary  the  speed  of  the  armature  momentarily. 
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The  variations  in  current  due  to  such  variation  may  also  give  a. 
lonfi^itndiual  pulsation  to  the  train.  The  matter  is  not  helped  at 
all  by  mountmg  the  motors  on  hollow  axles  concentric  with  the 
driving  axles  so  that  the  motors  may  be  spring-supported  from 
the  axles,  for  in  such  case  the  connection  of  the  motor  to  the^ 
axles  must  be  through  links  the  equivalent  of  a  universal  joint/ 
which  produce  variations  in  velocity,  when  the  axles  are  out  of 
centre  with  the  armature,  similar  to  those  where  gearing  is  em- 
ployed. In  fact,  these  very  devices  are  used  to  obtain  variation 
m  angular  velocity  in  many  machines.  Either  gearing  or  uni- 
versal joints  would  have  back  lash  when  current  was  shut  oflF. 
The  suggestion  recently  occurred  to  the  speaker,  and  he  has  not 
had  time  to  calculate  the  effect  of  these  considerations,  but  they: 
roust  be  serious.  A  train  at  60  miles  an  hour  moves  about  90 
feet  a  second,  sufficient  to  cover  a  number  of  yielding  rail  joints 
in  that  time.  When  the  New  York  Central  llailroad  started  its 
fast  trains,  the  engineer  found  it  necessary  to  go  over  the  align- 
ment mth  instruments;  as  dips  and  vertical  curves,  which  would 
not  be  noticed  by  the  trackmen,  gave  very  unpleasant  motions 
to  the  cars  at  high  speed. 

For  reasons  above  given,  it  will  be  necessary  to  mount  electric 
motors  for  fast  locomotives  away  from  the  centres  of  the  axles 
and  connect  through  side  rods,  as  in  the  present  locomotives. 
The  only  other  method  would  be  to  use  chains,  which  are  me- 
chanically impracticable.  There  is  another  important  reason  for 
tliis.  In  order  to  obtain  speed  the  motors  must  be  wound  for  it 
80  that  the  counter-electromotive-force  will  be  produced  by 
velocity  mther  than  the  number  of  turns,  and,  in  starting,  th^ 
motors  are  necessarily  connected  in  series  so  as  to  reduce  the. 
starting  current.  For  motors  adapted  to  very  high  speeds,  itj 
will  be  necessary  to  put  pairs  in  series  even  to  sunnount  heavy 
grades,  to  act  as  pushers  in  case  of  accident,  or  in  removing 
snow,  etc.  The  counter-electromotive-force  is  therefore  divided 
between  several  motors,  but  not  necessarily  in  equal  degree.  If,: 
with  motors  connected  to  separate  axles,  one  for  any  reason  slips 
its  wheels,  it  will  monopolize  the  larger  portion  of  the  electro- 
motive force  and  cut  down  the  current  on  all  the  motors  in  series 
so  that  full  power  cannot  be  obtained.  Working  the  motors  in 
parallel  with  an  enormous  rheostat  would  be  wasteful  and,  in 
some  cases,  impracticable.  It  is,  therefore,  important  for  two 
reasons  to  connect  driving  wheels  operated  by  separate  motors 
by  means  of  side  rods. 

Again,  it  ia  essential  that,  on  the  road,  speed  be  regulated  by; 
bietter  means  than  a  rheostat.  A  series  motor  varies  its  speed 
with  the  load  and  so  cannot  run  without  rheostatic  regulation  at. 
a  given  speed  if  for  any  reason  the  number  of  cars  in  the  train, 
or  the  track  resistance  varies.  It  will,  therefore,  be  necessary  to- 
return  to  commuted  series  field  coils  or  equivalents,  and  it  will; 
be  perhaps  desirable  to  hfave  a  shunt  windmg  which  can  be  used 
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to  give  still  closer  regulation.  In  fact,  shunt  motors  are  being 
introduced  abroad  for  traction  purposes.  The  use  of  these  devices 
\^1  increase  the  weight  of  the  motors  compared  with  simple  series 
wound  motors,  for  the  simple  reason  that  with  the  field  reduced, 
to  the  utmost  it  must  still  be  sufficient  to  prevent  sparking,  and 
there  must  be  sufficient  iron  employed  to  make  the  stronger  field 
efficient  when  it  is  desirable  to  run  slower.  These  considerations 
make  more  room  desirable  for  the  motors  tlian  can  be  provided 
in  the  trucks  of  an  ordinary  car. 

For  these  several  reasons  it  is  predicted  tliat  the  high  speed 
electric  locomotive  of  the  future  will,  like  the  steam  locomotive, 
be  a  structure  independent  of  the  train,  that  the  motors  will  be 
hung  on  the  frame  independent  of  the  driving  wheels,  and  the 
same  as  well  as  the  driving  wheels  connected  by  side  rods.  To 
obtain  proper  room  under  such  conditions  larger  driving  wheels 
will  be  employed  than  the  wheels  of  an  ordinary  car.  This  will 
so  extend  the  wheel  base  that  it  will  not  be  safe  to  run  at  high 
tpeeds  without  the  leading  truck  the  same  as  on  an  ordinary  To- 
ooniotive,  and  in  fact  the  electric  locomotive  will  in  all  its  gen- 
eral features  be  a  steam  locomotive  without  the  boiler,  with  motors 
substituted  for  the  steam  cylinders.  In  this  way  and  probably  in 
no  other  can  the  flexibility  of  the  present  steam  locomotive  be 
obtained.  Probably  there  will  be  greater  difference  of  opinion 
on  this  subject  than  on  any  other.  The  use  of  motors  m  the 
trucks  of  baggage  cars  is  so  fascinating  that  strong  efforts  will  be 
and  should  be  made  to  retain  such  a  system,  though  the  reasons 
stated  are  believed  to  l)e  sufficient  to  prevent  its  general  adop- 
tion. Again,  it  is  desirable  that  the  whole  locom<jtive  be  a  unit, 
on  a  strong  frame  calculated  to  resist  the  shocks  due  to  collisions 
and  accidents,  and  it  is  doubtful  if  locomotive  drivers  will  be 
found  who  will  be  willing  to  risk  their  lives  on  any  other  kind 
of  a  structure. 

To  realize  the  flexil)ility  of  the  ordinary  locomotive,  one  has  but 
to  go  on  the  line  of  one  of  the  roads  which  has  not  yet  adopted 
the  heaviest  type  of  rail,  but  yet  runs  expi*ess  trains  at  45  miles 
per  hour,  grasp  a  convenient  post  close  to  the  line  and  a  little 
around  a  curve,  if  possible,  where  one  can  take  the  wind  of  the 
train,  and  watch  its  approach.  In  many  cases  the  locomotive 
sways  nearly  a  foot  from  the  perpendicular,  first  one  way  and 
then  the  other.  At  a  bad  joint  the  plunge  is  so  rapid  that  the 
effect  can  be  described  as  terrific,  as  one  cannot  but  think  of  the 
consequences  if  such  a  mass  should  leave  the  rails.  The  locomo- 
tive, however,  follows  the  inequalities  as  readily  as  would  a  farm 
wagon.  Electrical  engineers  may  insist  upon  a  more  rigid  and 
better  track,  but  this  will  require  additional  expense  and  will  not 
entirely  overcome  the  difficulty.  The  electric  locomotive  must 
be  constructed  so  that  it  will  do  the  work  of  the  present  locomo- 
tive in  the  same  way,  and  the  feature  of  flexibility  cannot  be 
saorifired. 


;/;r^.     - 


B82  ELECTHtC  TnACTIO±  [Oct.  21. 

'  ^  I 

A  modern  heavy  locomotive  costs  about  $10,000,  wliicli  is  at 
the  rate  of  $10  to  $12  per  h.p.,  on  about  the  same  basis  as  elec- 
tric motors  would  be  rated.  It  needs  little  argument  to  show 
that  an  electric  locomotive  to  take  its  place  under  conditions 
stated  would  cost  fully  as  much.  Moreover,  if  like  care  is  to  be 
taken  of  electric  locomotives  as  of  those  for  steam,  the  same 
number  must  be  employed  of  like  capacity  for  like  work. 

An  approximate  calculation  of  the  cost  of  electrically  equip- 
ping and  operating  a  trunk  line  has  been  based  on  information 
m  regard  to  the  operating  expenses  of  dffferent  railroads,  given 
in  the  series  of  articles  by  Mr.  Baxter,  in  the  EleHrical  Engi- 
iieer  Q^vVy  this  year.  We  have  the  highest  respect  for  the  indus- 
try and  ingenuity  of  Mr.  Baxter,  as  he  was  one  of  those  who 
ren(lered  valuable  assistance  to  the  speaker  in  carrying  out  a 
large  enterprise  anum*ber  of  years  ago,  and  we  have  adopted  his 
facts,  and  lor  conv^ehience  have  used  vsorne  of  his  methods,  but 
have  been  obliged  to  entirely  disagree  with  his  conclusions.  For 
instance,  we  calculate  that  the  cost  of  the  steam  and  electric  gen- 
erating plants  will  be  about  three  times  as  much  as  he  states,  the 
transmission  plant  and  sub-stations  about  twice  as  much,  and  the 
operating  ex|)onses  about  54  times  as  much  as  he  provides  for. 
Necessarily  the  conclusions  are  diametrically  opposite. 

The  calculations  are  based  on  the  operating  expenses  of  a  rail- 
way system,  comprising  nearly  2,700  miles  of  road  and  employ- 
ing 1,800  locomotives.  By  calculations  based  oii  the  train  miles, 
checked  by  the  reported  coal  burned  and  the  probable  number  of 
engines' in  use,  Mr.  Baxter  ingeniously  determines  an  average  of 
14:0,000  horse  nOwer,  considcied  asc<»ntinuoush'  operated^  which, 
in  our  calculations,  we  estimate  will  require  to  replace  it  280,000 
H.p.  in  the  stations,  on  the  basis  of  50  per  cent,  etticiency  from 
stationary  engine  jnstons  to  track,  and  if  OO  per  cent,  can  be  ob- 
tained by  commuted  fields,  or  other  means  herein  discussed,  the 
difference  simply  provides  for  an  expected  increase  of  travel. 
From  the  probable  average  power  and  the  actual  reported  o|)er- 
ating  expenses  corresponding  thereto  we  proceed  as  follows: 
For  facility  of  calculation  ana  to  obtairi  an  underestimate,  rather 
than  one  too  large,  the  power  required  for  the  switching  engines 
is  distributed  among  the  regular  trains  on  the  road.  It  is  also 
assumed  that  the  average  number  of  trains  is  continued  the  en- 
tire length  of  the  roail  instead  of  using  a  much  greater  number 
than  the  average  for  suburban  travel.  Theee  methods  cause  an 
underestimate  of  the  cost  of  the  electric  transmission,  but  enable 
the  cost  of  operation  to  be  accurately  worked  up  from  the  aver- 
ages. The  latter  is  the  more  important  point,  as  the  other  merely 
involves  comparatively  small  questions  of  difference  in  the 
amount  of  interest.  '  liy  this  generalization  the  trains  will  be 
assumed  as  separated  about  7^  miles,  independent  of  direction,  ' 
over  the  whole  length  of  the  road  for  every  hour  in  the  year. 
On  this  basis  there  will  be  required  on  the  average,  lOG  station 
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horse-power  per  mile  of  road,  independent  of  direction  of  trains, 
but  to  provide  for  concentrations  wliich  will  inevitably  occur, 
the  generating  plants  and  transmission  lines  have  been  worked 
out  on  the  basis  of  15n  h.p.  per  mile.  The  at^snmed  number  of 
trains  will  require  on  the  average  about  400  h.p.  each  at  track, 
or  Sno  at  station,  which  is  high  for  an  average,  as  the  power  of 
the  switching  engines  is,  as  explained,  distributed  along  the 
whole  line  for  convenience  of  calculation  on  the  basis  of  aver- 
ages. To  obtain  the  econoniv  due  to  fairly  large  stations  they 
are  assumed  to  be  separated  45  miles  from  each  other,  and  at 
two  intermediate  p<»ints  transformers  and  rotary  converters 
(transformers)  located,  by  which  means  the  feeders  are  supplied 
every  15  miles.  On  the  abo^  e  basis  it  is  assumed  that  6,750  h.p. 
is  installed  at  each  steam  station,  and  2,250  h.p.  at  each  sub-sta- 
tion. To  avoid  overestimates  the  cost  per  h.p.  of  steam  and  elec- 
tric plant  in  main  stations  has  been  assumed  as  only  $80  per  h.p. 
with  $20,000  for  buildings,  and  for  the  whole  apparatus  in  the 
sub-stations  there  has  been  allowed  only  $10  per  horse-power  and 
$10,2'U)  for  buildings  and  the  copper  in  the  high  tension  lines. 
The  low  tension  copper  has  been  worked  out  on  the  basis  that 
half  way  between  the  main  and  sub-station  two  trains  may  meet, 
each  requiring  1,000  h.p.,  and  that  a  uniform  section  of  copper 
suftieiejit  to  carry  7i  miles,  the  current  required  for  half  of  this 
power,  at  an  original  teubion  of  70t»  volts  and  a  drop  of  20  per 
cent.,  would  be  ample  for  the  whole  length  of  the  low  tension 
lines.  On  this  basis  the  cost  for  copper  at  13  cents  per  pound 
for  the  outgoing  low  tension  conductors  will  be  $12,880  per  mile. 
It  is  assumed  that  provision  for  supporting  the  outgoing  conduc- 
tors and  the  bonds  in  main  track  for  return  current  will  cost 
$5,0<'0  per  mile.  On  the  basis  of  these  prices,  without  consider- 
ing incidentals,  the  total  cost  of  the  electrical  generating  and 
transmission  plant  foots  up  $31,057  per  mile,  the  annual  interest 
on  which  at  5  per  cent,  is  $1,553  per  mile.  If  the  services  of 
the  1,800  steam  Kicomotives  can  be  furnished  by  1,500  new  elec- 
tric locomotives  at  $10,000  each,  the  same  will  cost  $5,556  per 
mile,  requiring  $278  annual  interest  per  mile,  making  the  total 
interest  on  steam  and  electrical  plants,  including  locomotives, 
$1,831  per  mile.  The  operating  expenses  of  the  station  consid- 
ered as  a  steam  station  only,  from  Emery's  tables  reduced  to  24 
hours  and  365  days,  modifying  cost  of  plant  and  eliminating  coal 
and  interest,  is  found  to  be  $25.84  j)er  average  h.p.  per  year.  The 
time  of  1 2  extra  men  for  care  of  electric  apparatus  in  the  main 
and  two  substations  amounts  to  $2.75  per  h.p.  per  year,  which 
makes  the  total  operating  expenses  of  tne  generating,  transmis- 
sion and  locomotive  plants,  exclusive  of  cpaf  and  interest,  $28.59 
per  average  main  station  h.p.  per  year,  or  $3,031  per  mile,  or 
with  interest  added,  viz. :  $1,831  as  above,  a  total  of  $4,862  per 
mile.  The  operating  expenses  of  the  station  thus  calculated  in- 
clude an  allowance  for  repairs,  insaranee^  ta^Ti^^  wi^  x«i3l«^^%«  ^^^ 
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should  be  recollected  that  the  cost  of  coal  has  been  already  pro- 
vided for  in  the  percentage  of  saving  first  developed,  and  that 
the  train  expenses  are  assumed  to  be  the  same  as  for  steam  loco- 
motives. The  operating  expenses  of  the  road  using  steam, 
amounted  to  $15,187  per  mile.  Of  this,  as  previously  stated, 
6.58  per  cent,  will  be  saved  by  the  use  of  electricity,  correspond- 
ing to  $996  per  mile.  This  subtracted  from  $4,862  per  mile 
(given  as  the  cost  of  operating  expenses  of  the  generating  sta- 
tions, etc.,  with  interest  added),  leaves  $3,866  per  mile  per  year 
as  the  additional  expense  which  will  be  entailed  by  the  applica- 
tion of  electricity  as  a  substitute  for  steam  ;  so,  on  the  basis  that 
the  operating  expenses  are  50  per  cent,  of  the  gross  receipts, 
such  gross  peceipts  must  be  increased  12i  per  cent,  by  the  intro- 
duction of  electricity  over  the  whole  lengtn  of  the  line,  in  order 
to  enable  the  road  to  pay  the  same  dividends  as  before. 

It  may  be  considered  that  the  results  will  be  changed  mate- 
rially by  the  use  of  high-tension  transmission  througliout.  If 
tri-phase  currents  at  a  tension  of  10,000  volts  were  received  by 
each  electrical  locomotive,  the  tension  reduced  by  traneformers 
carried  by  the  locomotive,  and  current  employed  to  operate  in- 
duction motors  directly,  or  to  operate  direct  current  motors 
through  rotary  converters  also  carried  by  the  locomotives,  the 
saving  independent  of  extra  transformers  and  converters  would 
amount  to  $9,714  per  mile,  corresponding  to  $486  interest  per 
mile,  and  reduce  the  total  increased  operating  expenses  to  $3,3?50 
per  mile,  which  would  require  that  the  gross  receipts  be  in- 
creased 10.2  per  cent,  in  order  to  pay  the  same  dividend  as  be- 
fore, instead  of  l^f  percent.,  for  combined  high  and  low  tension 
transmission.  The  saving  in  dollars  is  quite  large,  but  the  total 
costs  are  so  enormous  that  the  saving  makes  but  a  small  differ- 
ence in  percentage.  It  will  similarly  be  seen  that  differences  in 
kind  of  apparatus  employed  will  have  very  little  difference  on 
the  general  results,  though  the  savings  are  important  in  them- 
selves. 

It  must  be  recollected  that  these  results  are  based  on  provid- 
ing electric  traction  for  the  whole  length  of  a  trunk  line.  It 
can  hardly  be  expected  that  the  gross  receipts  for  the  whole  line 
will  be  increased,  say,  one-eighth  by  such  an  application.  If, 
however,  the  application  be  made  within  the  radius  of  suburban 
traffic  such  an  increase  is  not  only  probable,  but  it  may  be  ex- 

Jected  that  the  cost  of  operation  per  passenger  mile  will  be  re- 
uced  in  greater  proportion  than  stated,  so  that  the  application 
of  electric  traction  will  ]>ay  from  the  outset.  These  considera- 
tions will  apply  to  longer  distances  on  railroads  like  the  New 
York,  New  Haven  and  Hartford,  where  the  passenger  business 
furnishes  the  larger  proportion  of  the  income. 

Again,  it  is  possible  to  accomplish  with  the  electric  locomotive, 

results  that  are  impossible  with   the   steam   locomotive.     The 

power  for  the  former  being  generated  originally  in  stationary 
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boilers,  or  in  some  localities  derived  from  waterfalls,  is  not 
limited,  and  the  power  of  the  motor  can  be  increased  indefinitely, 
so  that  in  particular  locations  a  demand  either  for  greater  power 
to  obtain  more  speed,  or  a  greater  or  more  continued  tractive  force 
than  is  now  possible  with  a  steam  locomotive,  can  be  met  bj 
electricity  witliout  difficulty. 

On  the  whole,  therefore,  although  the  application  to  the  whole 
leBgth  of  long  trunk  lines  does  not  seem  practicable  under  pres- 
ent conditions,  there  is  no  doubt  but  that  the  industry  will  grow 
in  the  future  as  certainly  as  in  the  past. 

Mr.  Charles  K.  Stk a^r^s  {comimmicated): — The  infonnation 
obtained  from  the  operation  of  the  Nantasket  electrical  line, 
during  the  summer  of  1895,  was  more  or  less  of  a  general  nature, 
as  the  chief  object  in  view  from  the  standpoint  of  the  railroad 
officials  was  to  demonstrate  that  an  electrically  equipped  road 
could  be  operated  as  satisfaciorily  in  regard  to  the  facility  of 
handling  large  numbers  of  passengers  on  time,  as  a  steam  road. 

This  point  was  proven  beyond  doubt,  as  the  railroad  officials 
have  expressed  themselves  as  satisfied,  after  observing  the  ease 
with  which  the  trains  carried  the  large  number  of  people  the 
boat  line  brought  to  the  trains  at  Pemberton,  the  extreme  end 
of  the  line. 

The  cost  of  operating  this  line  during  its  first  season  was 
roughly  obtained,  but  the  experimental  nature  of  the  e^r  equip- 
ments was  such  as  to  render  any  figures  as  to  the  cost  per  tram 
mile  anything  but  ac*curate. 

The  equipment  in  the  station  is  no  doubt  well  known  ;  suffice 
it  to  say,  that  there  were  installed  two  500  k.w.  direct  connected 
generators  wound  for  000  volts  potential ;  two  compound  con- 
densing Green  engines  of  about  1,000  n.p.  capacity  each,  and 
eight  return  flue  boilers,  18'  x  72^  diameter. 

The  train  schedule  of  July,  1895,  called  for  150  trains  per 
week  day,  or  an  average  of  148.1  trains  per  day,  including  Sun- 
days, and  in  1896,  66  trains  per  day,  or,  including  Sundays,  an 
average  of  68  trains  ])er  day.  In  lb95  these  trains  consisted  of 
a  sufficient  number  of  ears  to  accommodate  the  people,  but  in 
1896  the  trains  were  limited  to  2  cars,  a  motor  car  and  trailer. 
To  accommodate  the  passenger  traffic,  extra  trains  were  made  up 
and  run  between  the  regular  sl»Jieduled  trains.  A  fair  average 
on  Sundays  would  be  about  150  trains,  and  week  days  75  trains 
per  day.  This  partially  accounts  for  the  difference  in  the  coal 
<5onsumption  in  1895  and  189(5,  although  in  1896  the  engines 
were  run  condensing,  w^hile  in  lb95,  non-condensing. 

The  line  operated  in  1895  was  6.86  miles  of  double  track, 
equipped  with  special  trolley  wire,  and  in  1896  the  same  length 
of  trollev  line,  with  the  addition  of  3.64  miles  of  double  track 
equipped  with  the  third  rail.  The  actual  rail  laid  is  about  3 
iniles  double  track,  allowing  for  omissions  of  the  rail  ^1  iVs^ 
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crossings  and  stations.     Tlie  distance  from  the  power  station  ta 

the  end  of  the  third  rail  is  4.75  miles,  and  to  the  end  of  the 

trolley  line  5.75  miles. 

The  following  table,  although  incomplete,  gives  some  idea  of 

the  operation  of  the  power  station  during  July,  1895  and  lb96: 

July,  1895.        July.  1896. 

Hours  run (M5i  546i 

*Ave.  Elec.  H.p.  per  hour 245  ^%V 

Lbs  coal  burned  029,575  571,100 

CohI  per  e  h.p.  hour 4.24  2.99 

Ave.  trains  per  day 148. 1  68 

Ave.  cars  per  train 2. 1  2 

Maximum  cars  per  train 7  2 

Train  miles '. . . .     32.803  44,173 

Pasi^enjrers 257,  I43 

Tons  passengers 18,700 

Tons,  dead  load 162.089 

Tons  total  load 180,789 

Per  cent,  paying  load  to  dead  load 10.2 

In  regard  to  the  third  rail  equipment :  It  must  be  remembered 
that  this  was  in  the  nature  of  an  experiment,  and  several  defects 
have  been  noted,  which  no  doubt  will  be  corrected  in  the  future. 

The  rail  itself  is  about  100  lbs.  section,  rolled  in  the  form  of 
an  angle  of  110  degrees,  with  a  standard  rail  top  or  surface  for 
the  shoe.  This  rail,,  as  originally  installed,  was  bonded  with 
cast  copper  bonds,  and  furtlier  supported  by  insulating  blocks 
placed  7i'  from  each  end.  This  was  found  insufficient,  and 
fish  plates  were  put  in  with  a  flexible  copper  bond  and  the  rail 
supported  by  insulating  blocks  placed  as  near  the  ends  as  pos- 
sible, with  an  additional  block  in  the  centre  to  prevent  vibration. 
These  blocks  are  about  0  "  high,  and  tit  the  angle  of  the  rail. 
This  rail  is  not  continuous,  the  grade  crossings,  of  which  there 
are  several,  being  omitted,  and  the  train  running  by  momentum 
over  them.  This  was  necessary,  as  the  width  of  some  of  these 
crossings  is  considerably  greater  than  the  length  of  the  motor 
car.  At  the  stations,  also,  the  third  rail  is  omitted  and  the  over- 
head wire  used.  The  installation  consists,  therefore,  of  a  com- 
bination of  third  rail  and  overhead  wire,  the  train  starting  out 
of  the  stations  by  the  overhead  wire  and  trolley,  and  running  be- 
tween stations  by  the  third  rail  and  shoe. 

I  cannot  say  that  this  plan  is  very  satisfactory,  particularly  at 
night,  when  the  different  crossings  are  emphasized  by  darkness 
in  the  cars.   The  third  rail,  as  now  laid,  is  alive  the  entire  length. 

It  seems  to  me  a  question  as  to  the  advisability  of  operating  a 
line  with  a  500-volt  difference  of  potential  in  a  position  where 
there  is  liability  of  careless  persons  coming  in  contact  with  it. 
One  accident  has  occurred  and,  although  1  understand  legally^ 

1.  During  July,  1895.  power  was  furnished  by  the  station  to  operate  the  Hull 

Street  Railway,  the    average  of  which  was  80  h.p.    by  separate  wattmeter. 

Consequently,  the  average  power  for  the  railroad  was  215  h  p.    849  h.p    in 

1896  includes  about  40  h.p.  furnished  the  Braintree&  We^ymouth  Street  Rail- 

wajr,  8o  tbnt  tho  power  for  the  railroad  amounts  to  8u9  h.p. 


1896.]  A  TOPICAL  DI8CUSSI0X    NEW  YORK.  887 

the  public  are  not  allowed  on  the  right-of-way,  the  liability  oc- 
curs of  careless  parties  or  workmen  coming  in  contact  with  the 
two  rails. 

The  regular  steam  rail  used  is  G'^  high.  The  third  rail  is  7^ 
from  the  tie.  This  allows  a  clearance  of  2^'  from  the  pilot  of  a 
regular  locomotive,  provided  this  pilot  is  up  to  standard.  There 
have  been  several  cases  where  a  locomotive  pilot,  chain  or  brake- 
rod  on  a  steam  train  running  over  the  third  rail  section,  has  come 
in  contact  with  the  third  rail  and  caused  a  short-cirtniit  of  such 
length  that  it  was  found  impossible  to  keep  the  current  on  this 
section  of  the  electric  branch.  This  section,  I  will  state,  is  con- 
nected with  the  power  station  switchboard  by  a  separate  feeder 
and  circuit  breaker.  In  these  cases  the  electric  trains  have  come 
to  a  stand-still  until  the  steam  train  was  off  the  section. 

From  these  considerations  it  seems  advisable  to  adopt  a  system 
where  the  conductor,  if  of  the  third  rail  type,  is  alive  only  at 
points  where  it  is  actually  used,  or  at  least  divide  the  line  into 
blocks,  80  that  one  train  will  be  in  a  block  at  a  time. 

The  insulation  resistance  of  the  pole  line  in  I81'5  was  140 
ohms,  or  an  average  leakage  of  4.7  amperes.  This  is  on  a  line 
consisting  of  577  Georgia  pine  poles,  the  trolley  wire  being  fast- 
ened to  angle  iron  cross-arms,  which  are  bolted  to  the  poles  by 
two  i"  through  bolts.  No  insulators  are  used.  On  the  third  rail 
there  are  about  8,500  points  of  support.  I  am  sorry  to  say  that 
I  have  been  unable  to  obtain  information  as  to  the  leakage  on  the 
third  rail  under  varying  weather  conditions. 

A  serious  objection  to  the  present  installation  of  the  third  rail 
is  the  connection  by  lead  covered  cables  between  the  ends  of  the 
rails  at  crossings  and  stations.  The  surface  leakage  from  the  rail 
to  the  lead  covering  must  be  considerable,  although  I  am  not 
aware  as  to  whether  it  has  been  measured  or  not.  The  outside 
covering  of  the  cables  has  been  found  to  be  very  sensibly  alive. 

Aside  from  the  use  of  the  third  rail  or  trolley  wire  1  believe 
that  more  uniformity  of  load  in  the  station  should  be  obtained  by 
the  use  of  storage  batteries  either  on  the  ears  or  in  the  station. 
The  extreme  demands  for  power  on  the  line,  when  75  trains 
were  in  service,  and  these  trains  heavy,  were  very  noticeable  com- 
pared with  the  service  of  150  trahis  per  day  in  July,  1895. 

In  conclusion,  it  seems  very  desirable  to  put  in  a  third  rail  in 
preference  to  the  overhead  trolley  wire  in  such  a  manner  as  to 
avoid  any  liability  of  injury  from  accidental  contact  with  the 
rail.  In  other  words,  put  in  the  rail  in  blocks  and  then  only  such 
part  as  is  in  actual  use  to  be  active.  A  method  of  this  kind  would 
reduce  the  leakage  to  a  minimum  and  place  the  electric  road  on 
an  equal  footing  with  the  present  blocK  system  of  steam  railroad- 
ing. 

Mr.  Charles  H.  Davis  (communicated^ — The  subject  of 
"  Electric  Traction  Under  Steam  Railway  Conditions "  can  be 
divided  into  a  consideration  of: — 

1.  New  Hoods  to  be  built. 
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2.  Old  Steam  Hoods  to  be  partially  or  entirely  changed  over. 

The  relative  merits  of  the  use  of  "  Electric  Traction "  or 
"  Steam  Locomotive  Traction  "  in  each  of  the  above  cases  may  be 
considered  under  the  header — 

First  Cost, 

II.  Fixed  Charges. 
2.  Maintenance. 
3.  Operating  Expenses. 
Gross  Re<ielpis, 

1.  New  Roads  to  be  Built. 

First  Cost, — The  cost  of  right-of-way,  stations,  terminals,  fen- 
cing, grading,  ballasting  and  track,  will  be  approximately  the 
same  m  either  system.  Overhead  line  work,  or  third  rail  and 
feeder  system,  including  track,  ground  and  feeder  returns,  are 
not  required  for  steam  traction  and  their  cost  is  an  additional 
charge  against  electric  trac*tijn.  The  cost  of  equipment,  exclud- 
ing locomotive,  is  in  favor  of  steam  traction,  as  roughly  it  may 
be  considered  that  the  motors  and  controlling  devices,  or  the 
electric  locomotive  are  the  items  making  up  the  increase  in  first 
cost  of  electric  traction.  In  the  first  cost  of  power  plants  we  can 
assume  buildings  to  be  nearly  the  same  -  several  round  houses  as 
against  fewer  power  houses.  The  steam  and  electrical  plants, 
including  foundations  and  stack,  will  not  only  exceed  the  cost  of 
locomotives  and  tenders  per  horse-power,  but  in  the  use  of  cen- 
tral electric  stations  a  greater  amount  of  horse-power  must  be  in- 
stalled. This  is  especially  so  when  lines  are  very  long,  making 
it  necessary  to  duplicate  the  central  station,  or  use  sub-stations, 
or  both,  before  it  becomes  necessary  to  duplicate  locomotives  by 
changing  them.  Should  the  headway  of  trains  and  their  weight 
and  capacity  become  similar  to  street  railway  practice  in  large 
cities,  then,  and  only  then,  would  electric  power  be  less  in  first 
cost  than  steam  locomotives;  if  the  total  power  required  were 
large,  this  might  even  result  in  lower  first  cost  of  the  entire  sys- 
tem. 

No  attempt  has  been  made  to  give  figures,  as  each  individual 
case  must  be  studied  and  the  difference  in  first  cost  determined  ; 
but  it  will  in  general  result  in  favor  of  locomotive  traction  with 
the  exception  noted. 

Total  Expenses, — 1.  Fixed  Charges: — These  will  be  greater 
for  electric  traction  owing  to  greater  first  cost,  except  in  tlie  one 
case  mentioned  above. 

2.  Maintenance: — This  subject  is  too  wide  to  be  fully  dis- 
cussed here;  but  it  can  be  assumed  that  permanent  way,  track, 
car  bodies,  trucks  and  other  items,  the  same  in  each  case,  would 
be  maintained  at  equal  cost.  It  is  probable  that  the  cost  of  main- 
taining the  power  plant,  motors,  line,  etc.,  of  electric  traction 
would  exceed  the  cost  of  maintaining  locomotives,  tenders,  etc., 
and  that  the  saving  due  to  less  wear  and  tear  on  track  and  roll- 
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ing  stock  in  electric  traction  would  not  make  up  for  the  differ- 
ence. The  liability  to  break-downs  in  electrical  apparatus  is 
greater  than  in  steam  mechanisms,  thus  tending  to  increase  cost 
of  electric  traction,  not  only  on  the  line,  but  in  the  power  house. 
Should  the  headway  be  decreased,  as  already  suggested,  the  com- 
parative cost  of  maintenance  of  electric  traction  would  decrease, 
resulting  in  favor  of  such  traction,  although  it  may  be  hard  to 
determine  the  line  at  which  the  saving  over  locomotive  traction 
will  take  place. 

3.  Operating  Expenses : — Administrative,  legal  and  extraord- 
inary expenses  can  be  considered  the  same ;  train  attendance  the 
same,  except  in  the  case  of  close  headway  and  the  use  of  motors 
under  each  ear,  in  which  case  electric  traction  shows  a  decided 
saving.  Terminal,  station,  signal  and  telegraph  expenses  can  be 
considered  alike  in  each  ease.  The  cost  of  coal  would  depend 
largely  upon  the  amount  of  power  necessary  to  operate  a  given 
road  :  for  the  larger  the  power  and  more  frequent  the  trains  the 
greater  the  saving  by  tlie  use  of  electric  traction.  Many  central 
stations  assumed  to  produce  a  horse-power  at  lower  cost  than  by 
smaller  units  really  do  not,  mainly  due  to  the  fact  that  so  large 
a  part  of  snch  a  station  is  idle  many  hours  of  the  day,  and, 
although  at  their  maximum  point  of  economy,  they  are  farahead 
of  small  units,  the  question  at  is-^ue  is  not  "  the  cost  of  a  horse- 
power at  the  station,"  but  "the  cost  of  a  horse-power  at  the  rim 
of  the  driving  wheels."  The  cost  of  this  last  mentioned  horse- 
j)ower  for  electric  traction  is  not  only  made  up  of  station  ex- 
penses, but  also  line  exj)enses  and  electrical  equipment  expenses, 
when  compared  to  the  cost  of  the  same  horse-power  |»roduced  by 
a  steam  locomotive.  When  these  facts  are  taken  into  considera- 
tion, it  is  invariably  found  that  the  controlling  factor  is  the  head- 
way of  trains;  the  less  the  headway  the  more  surely  will  it  pay 
to  use  electric  traction,  and  vice  versa  so  far  as  the  cost  of  a  horse- 
power at  the  rim  of  the  driving  wheel  is  concerned. 

A  general  conclusion  would  be  that  the  question  of  total  ex- 
j)enses  depends  so  largely  upon  each  individual  case  that  only  a 
study  of  it  will  enable  one  to  arrive  at  a  reliable  result;  but  that 
with  light  weights,  small  capacity  and  frequent  service,  electric 
traction  can  be  operated  more  cheaply  than  locomotive  traction. 

(ii'onH  liecpipts, — The  question  whether  the  gross  receipts  of  a 
given  road  will  be  affected  by  the  use  of  one  or  the  other  power 
under  discussion  is  a  most  interesting  one.  Experience  shows 
that  where  an  electric  road  has  paralleled  a  steam  road  it  has 
taken  most  of  the  latter's  business  at  first,  but  less  as  time  went 
on ;  and  that  it  created  a  demand  for  intercommunication  which 
had  never  existed  before — the  bulk  of  the  passenger  travel  com- 
ing from  this  cause.  This  is  interestingly  shown  in  the  argu- 
ments of  Judge  Hall  (Vice-President  N.  Y.,  N.  11.  &  II.  R.  K.) 
and  Ju<lffe  Gager,  of  Connecticut,  before  the  Legislature  of  the 
State  at  its  last  session.     This,  of  course,  refers  to  ^j«ue««vw^T  ^^- 
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ceipts  only.  Freight  receipts  would  not  be  affected  by  the  use 
of  one  power  or  the  otlier,  they  increasing  only  as  the  country 
grows  and  rates  fall,  together  witli  better  facilities,  lieceipts 
from  express  and  mails  might  be  materially  increased  by  the  UFe 
of  electric  traction  when  giving  more  frequent  service.  It  ap- 
pears that  the  close  headway  and  "leave  at  your  door"  service 
of  electric  roads  are  the  main  reasons  for  their  induced  travel. 
The  question  of  how  much  more  the  travel  would  be  increased 
by  the  use  of  electric  traction  and  frequent  service  is  problemat- 
ical, for  the  "leave  at  your  door"  service  is  wanting  in  steam 
railways  as  they  are,  but  why  not  change  them  ?  If  this  could 
be  done,  past  experience  and  data  would  give  a  good  basis  from 
which  to  estimate  future  results. 

The  conclusions  one  arrives  at  is  that  for  long  lines,  infrequent 
service,  where  freight  is  a  large  proportion  of  the  business,  and 
where  centres  of  population  are  far  apart,  the  steam  locomotive 
is  the  only  paying  method  of  to-day,  as  the  first  cost  will  be  less, 
as  well  as  total  expenses.  The  writer  has  had  several  opportuni- 
ties of  determining  these  fact**.  What  development  may  bring 
to  electric  traction  in  the  far  future  cannot  be  foretold. 

2.  Old  Stkam  Koads  to  be  Partially  or  Entirely  Changed 

Over. 

First  Cost — What  has  been  said  under  "  new  roads  "  will  ap- 
ply, with  the  additional  <Hsadvantage  in  the  use  of  electric  trac- 
tion due  to  the  increased  first  cost  arising  from  the  necessity  of 
throwing  away  old  steam  equipment,  either  in  part  or  whole.  In 
some  cases  this  would  l)e  unnecessary,  as  with  large  systems, 
where  existing  equipment  could  be  used  on  that  part  where  elec- 
tricity did  not  replace  steam  locomotives. 

Total  &petise8, — Kemarks  under  "new  roads"  will  apply; 
and  it  would,  therefore,  appear  t|iat  unless  bteam  railways  can 
clianore  the  diameter  of  their  service  to  more  nearly  conform  to 
street  railway  practice,  they  will  be  in  many  cases  unable  to  adopt 
electric  traction  in  place  of  steam  locomotives  to  their  own 
profit. 

Gross  Receipts. — What  has  been  said  under  "new  roads" 
again  applies ;  therefore  existing  steam  roads,  to  increase  their 
gross  receipts,  must  give  quicker  and  more  frequent  service,  and 
must  give  as  near  as  j>ossible  the  "leave  at  your  door"  service. 

Conclusions, — The  writer  believes  that  electric  traction  will  be 

{)rofitable  to  steam  railway  systems  when  some  or  all  of  the  fol- 
owing  conditions  are  fulfilled,  depending  upon  the  special  prob- 
lem to  be  solved : — 

1.  Steam  railway  managers  must  avoid  making  the  mistake 
which  took  place  in  the  change  from  horse  traction  to  electric 
traction,  namely,  of  trying  to  reduce  the  first  cost  of  changing  by 
the  use  of  old  methods,  rnat^'rial  and  equipment,  wliich,  although 
eutire]y  suited  to  the  old  system,  proved  most  unsuitable  under 
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the  new  conditions.  The  tendency  is  to  repeat  this  mistake,  and 
too  much  stress  cannot  be  laid  upon  avoiding  it.  The  old  equip- 
ment partly  made  over,  the  old  tnethod  of  operating,  etc.,  will 
not  bnng  success  in  the  use  of  electric  traction ;  and  if  followed 
from  necessity,  would  indicate  the  strongest  argument  against 
the  change. 

2.  Jx)ng  distance,  heavy  trains  and  infrequent  service,  if  a 
necessity,  will  prevent  electric  traction  being  profitable.  There- 
fore, where  gross  receipts  can  be  increased  by  light  trains  and 
frequent  service,  thus  de3reasing  expenses  as  compared  to 
steam  locomotives,  electric  traction  will  prove  profitable.  One 
of  the  best  examples  of  how  this  could  be  applied  is  found  in  the 
suburban  service  of  the  Pennsylvania  Railroad  out  of  Philadel- 
phia. It  is,  of  course  understood,  that  electric  eai-s  can  be  oper- 
ated over  the  same  tracks  as  tmins  drawn  by  steam  locomotives. 
A  cliange  of  system  requiring  more  frequent  service  for  success 
might  necessitate  one  or  more  additional  tracks,  which,  in  some 
cases,  would  delay  the  time  when  a  change  would  be  advisable. 

3.  Steam  railways,  where  the  second  condition  is  fulfilled,  can 
better  the  results  whore  they  operate  part  of  the  system  on  the 
"leave  at  your  door"  plan.  This  suggestion  may  seem  to  some 
a  radical  departure,  but  1  commend  it  to  the  careful  thought  of 
those  interested. 

Mr.  II.  Ward  Leonard: — Mr.  President  and  gentlemen,  I 
have  made  no  preparation,  and  hence  have  no  remarks  to  make 
which  are  very  well  defined.  There  is  one  point  that  has  occur- 
red to  me  in  connection  with  the  remarks  of  Dr.  Emery  that  I 
think  worthy  of  comment,  although  they  embraced  so  many 
figures  it  is  impossible  to  speak  conclusively  off  hand.  I  noticed 
that  in  the  cost  of  conductoi*s  for  the  low  tension  portion  of  the 
system,  if  I  understood  him  correctly,  he  allowed  $12,000  per 
mile  for  the  copper,  and  that  the  trains  were  located  at  about  7i 
miles  apart,  ana  roughly  about  500  horse-power  to  a  train.  This, 
it  strikes  me,  is  an  overcharge,  as  regards  investment — about 
$85,000  for  copper  for  a  train  of  500  horse-power — and  naturally 
will  make  the  cost  of  investment  very  large  against  electric  rail- 
ways. One  point  that  I  have  always  believed  in,  and  that  it  seems 
to  me  is  likely  to  be  more  and  more  pronounced  in  the  future,  is 
that  there  must  be  a  conversion  of  energy  before  we  can  operate 
the  electric  locomotive  at  all,  and  the  question  arises  as  to  where 
such  conversion  should  take  place.  Of  course,  if  we  con- 
vert our  energy  and  6tore  it,  by  the  use  of  storage  batteries  in 
the  station  or  along  the  line  or  on  the  locomotive,  we  are,  in  one 
way  or  another,  converting  the  energy  that  we  are  using  in  the 
locomotive.  If  we  substitute  instead  of  storage  batteries  in  one 
place  or  the  other,  rotary  transformers  along  the  line,  we  are  also 
converting.  In  the  latter  instance  we  are  adding  very  greatly  to 
the  cost  of  the  equipment  by  the  fact  that  each  one  of  tliese  con- 
verters along  the  line  must  have  capacity  not  merely  iot  ^\srv 
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train,  but  for  the  maximum  that  may  get  in  that  section  at  one 
time.  What  I  wish  to  emphasize  as  my  belief  in  tlie  matter  is 
that  the  conversion  must  take  place,  for  the  greatest  advantage, 
upon  the  locomotive  itself;  that,  if  storage  batteries  are  to  be 
used  they  should  be  placed  upon  the  locomotive.  If  rotary  trans- 
formers are  to  be  used  they  should  be  placed  upon  the  locomo- 
tive. The  transmission  of  power  over  considerable  distances 
should  be  done  by  the  alternating  system,  to  secure  the  best  re- 
sults as  regards  economy  and  flexibility,  and  especially  in  the  case 
of  long  distance  work,  as  regards  the  convenience  of  securing  & 
large  number  of  feeding  points  and  thereby  reducing  the  cost  of 
any  low  tension  conductors  to  a  very  much  lower  figure  than  that 
given  by  Dr.  Emery. 

Now  the  question  arises  as  to  what  would  be  the  best  method 
of  operating  the  motors,  and  I  think  there  can  be  little  question 
to-day  that  a  continuous  current  for  the  motors  is  preferable  to 
the  alternating.  If  it  be  true  that  the  alternating  should  be  used 
for  the  transmission,  and  that  the  continuous  current  should  be 
used  for  the  propelling  motors,  and  that  rotary  transformers  be 
upon  the  locomotive,  the  cost  of  conductors  then,  as  regards  dis- 
tribution, is  limited  only  by  considerations  such  as  would  pertain 
to  any  long  distance  transmiijision — the  jiossible  voltage  along  the 
line.  The  conversion  could  be  as  cheaply  accomplished  on  the 
locomotive  as  alongside  of  the  road.  Each  transfornier,  in  a  case 
where  the  transformer  is  located  on  the  locomotive,  would  have 
to  take  care  only  of  that  particular  locomotive  and  train  that  it 
was  intended  for,  and  no  margin  need  be  provided  to  take  care  of 
additional  tran8ft)r»iation  as  would  be  the  case  in  transformers 
which  were  out>ide  of  the  locomotive  itself. 

As  regards  the  question  of  possible  methods  of  gearing,  I  may 
say  that  there  is  one  electric  locomotive  which  has  run  some 
2,*»00  miles  covering  distances  of  Ave  and  six  hundred  miles 
straightaway,  which  did  not  meet  with  any  ditticulty  of  the  char- 
acter described  by  Dr.  Emery  as  to  the  methods  of  gearing  and 
connecting  between  the  locomotive  and  the  axle.  This  is  the 
Heilmann  locomotive,  which  had,  in  the  locomotive  which  was 
tested  about  two  years  or  more  ago,  a  single  reduction  between 
the  motor  and  the  driving  axle..  There  were  no  coupling  rods — 
side  rods — on  this  locomotive.  It  ran  at  upwards  of  sixty  nnles 
an  hour  and  no  difficulty  of  the  nature  spoken  of  was  experienced. 
But  on  the  contrary  the  motion  of  the  locomotive  was  (conspicu- 
ous by  its  smoothness  and  entire  freedom  from  all  jar.  The 
Heilmann  locomotives  which  have  been  under  construction 
since  the  original  tests,  and  which  will  be  in  practical  service  \QTy 
shortly,  have  the  axle  passing  through  the  centre  of  the  motor; 
that  is,  there  is  no  gearing,  but  the  drivinj^  is  accomplished  by 
the  armature  being  connected  to  the  shatt  through  a  kind  of 
spider — ^something  after  the  nature  of  the  method  of  driving 
which  we  are  familiar  with  by  its  use  in  the  Short  gearless  motor 
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a  few  years  ago.  This  method  of  driving  will  be  soon  t^tsted  and 
we  shall  then  be  able  to  learn  whether  such  difBcultics  a&  have 
been  pointed  out  will  or  will  not  arise.  A  thing  which  I  do  not 
think  enough  stress  has  been  laid  on  in  the  comparison,  is  the  fact 
that  we  have  reached  what  appears  to  be  practically  a  limit  in 
the  size  and  horse  power  of  steam  locomotives;  whereas  there  is 
practically  no  limit,  as  compared  to  tlie  present  limit,  in  the  horse 
power  possible  for  electric  locomotives,  and  since  the  thing  which 
IS  of  the  greatest  importance  to-day  in  railways  is  to  secure,  first, 
higher  speeds,  and  second,  greater  hauling  power,  it  seems  to  me 
that  the  electric  locomotive  lias  a  very  marked  advantage  in  those 
lines.  Take,  for  example,  the  st^jam  locomotive  which  hauls  the 
New  York  Central  "limited"  and  which  has  been  pretty  carefully 
tested  between  here  and  Albany.  The  maximum  horse  power 
was  in  the  neighborhood  of  a  thousand.  The  hoi^se  power  that 
was  developed  while  accelerating  the  locomotive  to  its  full  speed, 
and  while  the  speed  was  at  the  rate  of  al)out  thirty  odd  miles  an 
hour  was  about  600  horse  power.  The  steam  pressure  fell  very 
rapidly  as  the  speed  increased,  that  is  to  say,  the  mean  effective 
pressure  in  the  cylinder;  and  this  is  a  trouble  which  is  met  with 
in  steam  locomotives  which  will  be  absent  in  the  electric  locomo- 
tive. There  is  a  very  marked  falling  off  in  drawbar  pull  due  to 
the  Inability  of  maintaining  a  high  mean  effective  pressure  in  the 
cylinder  of  the  steam  h)comotive  which  would  require  consider- 
able modification  from  present  tj'pes  before  it  can  be  avoided,  it 
being  due  to  the  limitation  of  rapidity  of  admission  of  the  steam 
and  one  or  two  other  considerations.  The  maximum  weight  on 
drivers  that  steam  locomotives  have,  is  of  course  the  limit  to  their 
hauling  power,  and  that  very  rarely  exceeds  about  170,000  pounds, 
and  with  the  electric  locomotive  there  would  be  no  difficulty  in 
making  that  weight  almost  anything  desired.  In  the  Ueilmann 
locomotives  that  are  now  under  construction  that  weight  will  be 
230,0<»0,and  that  280,000  pounds  will  be  effective  for  a  perfectly 
smooth  pull.  Tests  that  were  made  upon  the  Heilmann  locomo- 
tive in  comparison  with  the  steam  locomotive  by  means  of  a  dyna- 
mometer car  showed  a  verv  marked  difference  in  the  smoothness  of 

mi 

the  drawbar  pull.  The  curve  of  the  electric  locomotive  as  might 
be  expected,  was  quite  smooth,  while  that  of  the  steam  locomotive 
was  very  jagged.  All  this  of  course  is  very  influential  with  a  very 
large  load  benind,  in  tending  to  skid  the  wheels.  One  good  feat- 
ure of  the  Heilmann  locomotive  which  ought  to  commend  it,  if 
it  has  no  others  as  some  people  seem  to  think,  is  that  it  enables 
one  to  study  with  great  accuracy  the  electric  traction  problem. 
The  question  of  speeds  and  horse  power,  drawbar  pull  and  all 
such  points  as  that,  can  be  very  accurately  studied  by  means  of  it. 
The  cost  of  a  locomotive  of  that  type  is  necessarily  going  to  be 
considerably  higher  than  that  of  tlie  ordinary  steam  locomotive. 
But  the  hauling  capacity  is  ^oing  to  be  so  greatly  increased,  and 
also  its  possible  speed,  that  it  may  have  a  field  which  would .  not 
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pertain  to  it  if  it  had  no  advantages  in  speed  and  hauling  power. 
The  Heilmann  locomotive  is  now  being  finished  and  will  be 
tested  so  soon,  that  a  great  many  of  these  points  will  soon  be  a 
matter  of  fact,  and  we  can  secure  more  reliable  data  of  that  nci- 
ture  than  we  have  at  present.  One  point  wliich  I  think  is  rarely 
appreciated  is  this :  That  tests  upon  the  steam  locomotive  show 
that  the  efficiency  between  the  indicated  horse-power  in  the  cyl- 
inder and  the  horse-power  at  the  drawbar,  which,  of  course,  is 
the  efficiency  of  the  machine — tlie  ratio  between  the  horse-power 
at  the  drawbar  and  that  in  the  cylinder,  for  the  steam  locomotive 
operating  at  about  sixty  miles  an  hour,  is  between  42  and  43  per 
cent.,  which,  I  think,  will  impress  you  as  (|uite  low.  The  ex- 
pectation in  the  case  of  the  Heilmann  locomotives,  based  upon 
well  known  features  in  the  Willans  engine  and  in  generators  and 
motors,  assuming  90  per  cent,  for  the  engine  and  95  percent,  for 
the  generators,  98  per  cent,  for  the  conductors  and  90  per  cent, 
for  the  motors,  will  give  an  efficiency  at  60  miles  per  hour  of 
some  47  per  cent,  as  the  ratio  between  drawbar  pull  and  indi- 
cated horse-power  in  the  cylinder.  I  think  we  must  all  admit 
that  the  question  of  attempting  to  replace  the  steam  locomotive  of 
to-day  is  an  extremely  difficult  task  for  the  electrical  engineer. 
But  it  does  833m  to  me  that  we  should  draw  out  as  many  points 
as  we  can,  favorable  to  electric  locomotives,  and  it  does  not  seem 
to  m3  that  that  has  been  done  in  the  remarks  of  Dr.  Emery. 
Mk.  6ej.  S.  Strong  : — Not  being  a  member  of  the  society, 
I  was  invited  here  to-ni:^ht  by  the  secretary  to  discuss  this  mat- 
ter from  the  standpoint  of  a  loeomDtive  man.  In  doing  so,  I  do 
not  want  to  be  understood  as  being  partial  to  the  locomotive. 
In  fact,  I  am  on  both  sides,  as  1  am  interested  in  the  building  of 
power  plants  for  electricity  as  well  as  the  building  of  locomo- 
tives. I  have  studied  this  subject  from  the  beginning  of  the 
electrical  operation,  and  as  regards  the  Heilmann  locomotive,  I 
might  say  that  I  was  the  first  one  to  build  a  motor  car  on  the 
principle  of  the  Heilmann  locomotive,  and  1  have  had  about 
$*20,()(»0  worth  of  experience  in  that  line.  And  as  regards 
the  efficiency,  1  had  an  electrician  who  promised  me  95  per 
cent,  of  the  power  of  the  engine  which  was  put  on  the  car. 
We  had  a  gas  engine  which  indicated  and  gave  a  brake  horse- 
power of  forty  horse-power.  Tlie  generator  wa«  directly  on  the 
shaft  of  the  gas  engine.  The  motors  were  directly  under  the 
car  with  the  wire  connections  very  short — not  over  ten  feet  of 
wire  in  it.  I  think  two  mules  could  have  pulled  that  car  faster 
than  that  forty  horse-power  engine  could  drive  it.  Now  that 
is  my  experience  with  that  kmd  of  a  motor.  I  do  not  say 
that  that  cannot  be  beaten  by  a  properly  constructed  gen- 
erator and  a  properly  constructed  electric  motor  under  the  car, 
but  it  led  me  to  believe  that  some  other  method  of  transmission 
of  power  would  have  to  be  originated  before  the  gas  motor 
would  ever  become  an  efficient  motor  for  driving  street  cars. 
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Now,  as  regards  the  ciuestion  of  the  amount  of  coal  necessary 
to  drive  a  locomotive,  Dr.  Emery  gives  six  pounds  as  the  aver- 
age. Mr.  Westinghouse  lias  given  it  as  high  as  eiglit  pounds. 
I  nave  tested  a  number  of  locomotives  that  ran  as  low  as  three 
pounds.  I  have  a  locomotive  to-day  built,  ready  to  run,  on 
which  I  will  guarantee  to  give  a  horse-power  for  two  pounds  of 
coal.  I  am  ready  to  undertake  to  build  to-day  one  locomotive 
or  a  hundred  locomotives  and  guarantee  a  horse-power  for  two 
pounds  of  coal,  on  the  axle  or  on  the  drawbar  behind  the  tender. 

Now  when  you  come  to  talk  about  ordinary  locomotive  prac- 
tice and  what  is  possible  in  locomotive  practice,  and  what  has 
been  demonstrated  as  thoroughly  practical  in  locomotive  practice, 
they  are  entirely  two  different  things.  Only  two  weeks  ago  at  a 
meeting  of  the  "Railroad  Club  in  this  room,  this  very  subject  was 
discussed.  A  paper  by  Professor  Goss  was  read  on  the  "  Kesults 
of  High  Kates  of  Combustion  in  Locomotive  Boilers,"  in  which 
he  demonstrated  that  fuUv  83  per  cent,  of  the  coal  in  an  ordin- 
ary locomotive  goes  out  tfi  rough  the  stack  unconsumed,  that  is, 
where  the  grate  area  is  about  21  feet  and  where  the  rate  of  com- 
bustion is  rushed  up  to  225  pounds,  as  I  know  on  some  roads  it 
is  the  regular  practice  to-day  to  burn  225  pounds  per  square  foot 
of  grate  area.  That  is  entirely  unnecessary,  and  boilers  are  run- . 
ning  to-day  in  this  country  which  are  giving  ten  pounds  evapor- 
ation from  a  temperature  of  212,  on  a  locomotive,  and  there  is 
no  trouble  in  getting  a  temperature  of  212  on  a  locomotive. 
There  are  abundant  ways  of  using  exhaust  steam  to  give  it,  audit 
has  been  demonstrated  thoroughly  and  ])ractically  that  the  water 
can  be  heated  to  that  temperature  on  the  engine.  It  has  been  dem- 
onstrated thoroughly  ana  practically,  and  locomotives  to-day  are 
running  in  regular  service  that  are  giving  a  horse-power  on  20 
pounds  of  water — regular  work,  every  day  in  the  week  right 
along.  Twenty  pounds  of  water  on  compound  locomotives  is 
not  out  of  the  way,  and  it  can  be  reduced  down  to  17  and  18 
pounds.  Now  our  friend  here  gives  us  for  this  branch  of  the 
consolidated  road,  2.95  as  regular  consumption  for  electrical 
horse-power  in  the  station.  Isow,  that  is  with  one  of  the  best 
engines — you  know  the  Green  engine.  That  is  one  of  the  best 
engines  there  is  in  the  market  to-day.  You  cannot  beat  it  very 
much  when  it  comes  to  giving  the  greatest  efficiency  for  a  given 
steam  pressure.  Now  we  all  know  Dr.  Emery  states  in  his  paper 
that  we  cannot  expect  more  than  50  per  cent,  of  that  on  the  axle 
from  the  motor  atter  he  had  gone  through  all  this  immense  ex- 
penditure to  get  it  there,  you  cannot  get  more  than  50  per  cent, 
on  the  axle;  so  that  that  engine  must  necessarily  have  used  in 
the  neighborhood  of  six  pounds  of  coal  per  horse  power  devel- 
oped on  the  axle  on  the  car.  Now  to  give  you  an  idea  of  what 
you  have  to  contend  with — I  am  not  saying  this  to  discourage 
you  at  all^n  fact  I  have  been  through  the  mill  myself ; 
\  know  how  it  is   to   make  inventions  and  how  difficult  it  \& 
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to  introduce  an  invention  after  you  have  demonptrated  that  it  is^ 
all  right.  If  I  were  to  go  to  the  New  Vork  Central  witli  a  bond 
of  a  million  doUarn  and  offered  to  save  one-lialf  of  their  coal  and 
give  them  tlieir  loconjotives  if  tliey  would  give  me  one-half  the 
saving  for  iive  years,  they  would  not  listen  to  me ;  they  would 
not  listen  to  anybody  else.  It  would  not  make  a  bit  of  differ- 
ence. They  would  say:  "If  j'ou  can  give  us  something  cheap, 
that  won't  cost  anything  more  than  we  have  got  to  pay,  we  will 
try  it ;  but  we  won't  spend  any  more  money.  This  coal  bill  is 
a  tiling  that  is  going  all  the  time  and  might  be  distributed  in 
dividends,  but  we  won't  spend  any  more  money."  That  is  the 
cry.  You  cannot  go  and  sell  anything  that  costs  any  more 
money  than  they  are  paying.  They  want  a  cheap  thing,  and 
when  you  come  down  to  getting  etKciency,  that  is  something 
that  they  don't  think  very  much  about.  Now  to  give  you  an 
idea  of  what  you  have  got  to  contend  with  in  the  question  of 
handling  trains:  One  estimate  here  to-night  is  5u0  horse-power 
as  the  average  for  a  train.  Now  as  much  as  ten  years  ago  I  took 
a  locomotive  that  I  built  for  the  Lehigh  Valley  road  out  over 
the  western  roads.  On  the  Northern  Paeilic  we  took  a  twelve 
car  train  from  a  dead  stop  10.8  miles  in  eleven  minutes.  I  indi- 
cated the  engine  myself.  She  gave  a  mean  effective  pressure  in 
the  cylinder  of  70  pounds  in  making  826  revolutions  a  minute, 
and  iuilicated  1810  horse-power  on  1,848  square  feet  of  heating 
surface  and  <)(»  square  feet  of  grate  area,  80  horse-power  per 
square  foot  of  grate  area  and  nearly  a  horse-power  for  every 
square  foot  of  heating  surface  in  the  boiler.  That  engine,  on  the 
Fort  Wayne  road,  took  a  10  car  tmin  from  Fort  Wayne  to  Chi- 
cago, making  28  stops  and  live  slow-downs.  The  running  time 
for  the  whole  distance  was  one  mile  per  minute.  She  ran  from 
a  dead  stop  to  a  dead  stop  and  made  a  crossing  stop  in  eight 
minutes  with  that  train,  which  weighed,  including  the  engine,^ 
over  500  tons.  Now  wlien  you  have  to  pick  up  a  load  of  that 
kind  and  run  with  it  and  stop  again,  it  recjuires  more  power  than 
any  electric  locomotive  could  give  with  the  same  weight  Talk 
about  the  weight  on  the  drivers,  that  engine  had  all  tlie  weight 
on  the  drivers  she  could  utilize,  and  she  gave  a  drawbar  pull  of 
20,0^0  pounds.  An  ordinary  ttain  does  not  reciuire  to  pull  it 
after  it  is  started  more  than  a  1,000  pounds  to  the  car,  so  that 
20,000  pounds  adhesion  is  all  any  engine  can  utilize.  She  would 
slip  her  drivers  in  starting.  But  by  carefully  starting,  she  has 
all  the  adhesion  she  cin  utilize.  That  engine  pulled  up  an  86 
foot  grade  from  St.  Paul  to  Minneapolis,  a  train  of  14  cars 
that  weighed  on  an  average  of  85,000  pounds  a  car.  The  engine 
itself  and  tender  weighed  100  tons.  Now  that  was  a  drawbar 
pull  of  28,500  pounds.  I  took  indicator  cards,  figured  the  work 
done  on  the  drawbar  and  it  was  28,500  pounds  pull  on  the  draw- 
bar, which  was  about  one-fourth  the  weight  on  the  drivers — a 
little  more  tlran  one-fourth  the  weight. 
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Now  as  to  the  question  of  efficiency.  Our  friend  here  has 
stated  that  only  45  per  cent,  efficiency  is  obtained  iH  regular 
work.  We  made  a  large  number  of  tests  extending  over  a 
month  on  the  Lehigh  Valley  road,  where  we  had  opportunities, 
with  a  dynamometer  car,  and  knowing  the  grade,  to  figure  the 
lifting  of  the  engine-  lifting  a  train  a  certain  distance  into  the 
air  in  a  given  time— where  we  got  a  horse-power  for  20  pounds 
of  water,  by  the  pull  on  the  drawbar,  20  pounds  of  water  in  a 
horse-power  hour.  The  work  done  and  the  efficiency,  as  far  as 
tlie  fnction  of  the  engine— the  difference  between  the  friction 
of  the  ena:ine  and  the  indicated  horse-power  would  not  amount 
to  more  than  ten  per  cent,  in  tliat  work,  at  a  speed  of  aboat  30 
miles  an  hour.  Now  these  are  only  pointers.  1  have  not  taken 
time  to  go  into  an  elaborate  paper.  I  simply  give  you  a  few 
facts  which  I  have  dug  out  by  hard  knocks  right  on  the  locomo- 
tive myself.  Now  as  regards  the  question  of  speed  and  also  the 
question  of  the  even  pressure  on  the  rail,  I  have  lately  built  a 
locomotive  which  is  so  perfectly  balanced  that  at  a  speed  of  75 
miles  an  hour  you  can  read  a  newspaper  in  the  cab.  It  rides  as 
easily  as  a  Pullman  car,  and  the  pressure  is  absolutely  the  same 
at  every  part  of  the  revolution.  That  engine  will  do  its  work 
with  the  lowest  grade  of  coal  that  you  can  buy  in  the  market ;  it 
makes  no  smoke,  throws  no  cinders  and  makes  no  sound  from 
the  exhaust.  Now  it  meets  all  the  conditions,  all  the  require- 
ments that  an  electric  locomotive  could  meet.  The  only  advan- 
tage that  an  electric  locomotive  would  have  over  the  ordinary 
locomotive  would  be  that  it  would  give  an  even  pull  on  the 
drawbar,  an  even  pressure  on  the  rail  and  would  not  throw  any 
sparks  or  make  any  smoke.  Now  the  engine  1  speak  of  can  be 
duplicated  any  number  of  times  for  $12,000.  She  will  give 
2,000  indicated  horse-power.  She  will  take  12  Pullman  cars 
from  Philadelphia  to  Jersey  City  in  90  minutes.  The  same  en- 
gine has  taken  from  Susquehanna  to  Hornellsville  an  eight  car 
train,  with  eight  st<>ps  and  five  slow-downs,  at  an  average  of  61^ 
miles  an  hour  for  the  whole  distance.  When  you  undertake  to 
beat  that  kind  of  work  with  an  electric  locomotive,  you  have  got 
a  big  contract. 

Mr.  a.  E  Kennelly  : — Mr.  Chairman  and  Gentlemen  :  This 
question  of  applying  electric  traction  to  steam  roads  has  been  a 
fascinating  subject  to  many  of  us  for  quite  a  few  years,  and  I  do 
not  think  the  problem  has  changed  very  much  in  its  character 
during  the  last  five  or  six  years,  although  its  limitations  become 
perhaps  more  clearly  visible  from  year  to  year.  The  manifest 
success  which  has  attt»nded  the  introduction  of  electric  street  cars 
where  comparatively  low  speeds  are  necessary,  where  frequent 
stops  can  be  made  very  cheaply,  where  a  car  will  stop  at  any  per- 
son's door  or  at  any  street  comer,  has  been  so  marked  that  it  has 
been  predicted  that  the  electric  locomotive  would  rapidly  trans- 
plant and  displace  the -steam  locomotive.     The  conditions  are^ 
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however  in  this  case  so  widely  different,  that  I  do  not  think  we 
can  postulate,  at  first  siirht,  any  sneh  conclusion.  So  soon  as  yon 
get  npou  a  reserved  track,  and  have  to  make  a  high  speed,  yon 
cannot  stop — you  have  not  the  time  to  stop — it  costs  too  mnch 
to  stop  ;  tnen  you  meet  the  conditions  which  are  found  in  exist- 
ing long  distance  ste  im  roads  to-day.  For  many  years  this  prob- 
lem of  carrying  passengers  rapidly  and  comfortably  over  great 
distances  has  been  dealt  with  by  steam  locomotive  engineers,  and 
the  maximum  economy  has  been  long  striven  for,  that  existing 
condititms  will  permit.  It  is  contended  that  if  we  could  replace 
the  steam  locomotives  of  the  present  time  by  electric  locomotives 
that  we  could  economize — that  we  would  show  an  economy  by 
reason  of  the  saving  in  fuel.  Now  I  never  saw  any  engine  that 
it  was  claimed  would  produce  a  horse-power  on  say  two  pounds 
of  coal  per  indicated  horse- power.  1  have  always  understood 
that  it  took  five  and  six.  I  will  assume  that  for  the  present  time 
they  do  take  five  and  a  half  pounds  of  coal  on  an  average  through- 
out the  country.  The  fuel  expenses  of  the  roads  throughout  the 
country  are  stated  in  the  statistics  to  vary  from  '\  per  cent, 
to  13  per  cent,  of  the  total  operating  expenses  and  we  may  take 
an  average  of  say  10  per  cent,  of  the  total  operating  expenses  as 
covering  the  cost  of  the  coal  and  perhaps  also  the  cost  of  the 
water  supply.  Assuming  that  we  had  some  kind  friend  who 
would  take  a  steam  railroad  and  give  us  an  electric  locomotive  to* 
morrow  for  each  steum  locomotive,  having  the  same  power  and 
l)eing  worth  about  the  same  amount  of  money,  and  also  providing 
the  plant  and  conductors  whereby  that  system  could  be  operated, 
we  should  be  able  to  throw  out  all  the  tenders,  and  that  would  be 
a  considerable  saving  no  doubt.  We  should  save  25  tons  or  so 
to  every  tram,  and  that  would  enable  ns  to  haul  a  larger  load  of 
freight  and  carry  perhaps  a  little  higher  speed  with  safety  for 
pas-enger  service.  Tiie  difference  in  coal  consumed  might 
amount  to  as  much  as  twelve  per  cent  upon  the  passenger  trains. 
It  might  amount  to  only  three  or  four  per  cent,  on  freight  trains. 
But  suppose  it  averaged  about  six  per  cent.  We  should  have  a 
saving  of  fuel  of  about  0  per  cent,  simply  by  displacing  the  t -n- 
<iers.  The  steam  plants  situated  in  a  cential  station  might  pos- 
sibly, let  us  say,  generate  an  indicated  horse  power  on  two  pounds 
of  coal — I  fancy  that  it  would  be  safe  to  allow  three,  to  meet 
average  conditions  of  variable  loads.  With  three  pounds  of  coal 
per  H.  p.  hour  at  the  central  station  for  the  transmission  system 
we  should  probably  expect  to  develop  a  horse  power  hour  at  the 
shafts  of  the  electric  loct>motive  for  about  five  pounds  of  coal. 
We  should  therefore  be  very  little  better  off  than  we  are  at  the 
present  time  with  good  steam  locomotives.  Even  if  we  succeed 
in  bringing  the  coal  consumption  down  to  two  pounds  per  one 
H.  p.  hour,  we  could  not  expect  to  develop  a  h.  p.  hour  at  the 
locomotive  shafts  for  less  than  3|  lbs.  We  should,  however  have 
a  greatly  increased  plant,  a  much  larger  inspection  and  much 
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greater  fixed  charges,  and  we  conld  not  so  far  as  I  can  see,  expect 
under  the  conditions  of  railroad  traftic  of  to-day  to  see  any  saving 
effected. 

But  the  question,  fortunately  for  ue,  does  not  lie  solely  in  that 
compass.  Economy  is  not  the  sole  point  of  advantage  in  which 
we  can  expect  to  increase  electric  traction.  If  economy  were  the 
only  factor  of  passenger  transportation,  we  should  never  iind  that 
the  passenger  steamers  which  run  acrot^s  the  Atlantic  would  in- 
crease their  expenses  every  year  hy  putting  more  and  more  horse 
power  on  board  their  ships  consuming  coal  approximately  in  pro- 
portion to  the  culie  of  the  velocity,  in  order  to  carry  their  pas- 
sengers over  the  ocean  in  a  few  hours  less  time.  And  if  it  can 
be  demonstrated   that  an   electric   locomotive  can  safely  carry 

[)assenger8at  say  1(^0  or  120  miles  per  hour,  1  think  there  is  a  very 
arge  held  open  for  the  electric  locomotive  on  the  lines  of  high 
speed.  It  may  cost  more,  but  it  is  very  probable  that  people 
would  be  ready  to  spend  more  for  high  speed  passenger  service. 
The  conditions  at  such  speed  would  be  so  radically  different,  the 
problem  presented  would  be  so  different,  the  number  of  cars  per 
train  and  the  character  and  style  of  the  cars  so  different  that  a 
new  problem  is  presented,  and  on  those  lines  I  think  there  is  a 
future  for  the  electric  motor.  But  on  the  lines  of  the  present 
steam  locomotive  and  the  mere  substitution  of  electricity  for 
steatn,  I  do  not  see  where  we  can  claim  au  advjintage.  The 
schedule  time  which  the  steam  railroad  time  tables  of  the  last 
twenty  years  show  us,  do  indicate  an  improvement  in  express 
train  speed,  but  by  no  means  a  miirked  improvement.  I  think 
that  is  a  tacit  admission  to  the  effect  that  the  steam  locomotive 
cannot  commercially  be  made  to  run  on  existing  railroads  at  very 
much  higher  speeds  than  that  attained  to-day.  How  far  that 
may  be  due  to  imperfection  in  the  locomotive  as  a  machine,  or 
how  far  to  imperfections  in  existing  track  is  a  more  difficult 
question.  But  if,  as  we  believe,  an  electric  motor  can  be  pro- 
duced, making  up  in  lightness  what  it  lacks  in  drawbar  pull,  that 
will  haul  light  cars  at  a  very  high  speed,  then  I  think  we  may 
safely  hope  for  a  great  future  for  the  electric  passenger  long  dis- 
tance railway. 

Mr.  C.  p.  Ukbklackkr:— Aside  from  the  matter  of  expense 
— not  entirely  aside  from  it,  but  rather  a  point  which  brings  the 
question  of  electric  traction  away  from  the  question  of  expense 
more  or  less — is  the  ultimate  capacity  of  the  steam  roads  for 
frei*::ht  tniftic.  As  I  have  been  thinking  it  over  for  the  last  few 
days  it  seemed  to  me  of  a  good  deal  more  importance  than  we 
have  been  realizing.  The  fact  is  that  three  or  four  years  ago — 
in  181*2,  when  probably  we  had  the  heaviest  traffic  of  any  time 
on  the  steam  roads,  quite  a  number  of  them  were  operated  on 
the  verge  of  congestion.  It  was  a  strain  all  the  time  to  keep  the 
freight  moving,  and  particularly  to  keep  the  fuel  which  runs  our 
cars  here  in  the  Jbast,  moving  from  tne  West.     At  that  time 
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some  of  the  gas  managers  around  tl)is  portion  of  the  country  were 
looking  each  day  to  see  where  their  coal  for  the  next  day  was. 
When  things  get  into  that  condition  it  has  come  to  a  point  where 
we  have  ^ot  to  find  some  method  of  conveying  our  ener^ry  from 
the  coal  fields,  if  that  is  where  we  have  got  t<»  get  it  from,  to  the 

f)oint  where  it  is  consumed,  in  some  more  concrete  foim  than  by 
lauling  fuel  in  cars.  The  actual  fact  is  that  on  several  of  our 
roads  tni;  coal  and  coke  carried  amount  to  a  little  more  than  fifty 
per  cent,  of  the  total  frei»^ht  tonnage.  The  removal  of  a  portion 
of  the  timnage  would,  of  course,  make  room  for  more  njanufac- 
tured  products.  I  think  the  feeling  amongst  all  the  railr(»ads  is 
that  they  do  not  want  to  spund  any  more  money  ;  they  do  not 
want  to  lay  out  the  enormous  investments  which  would  be  neci«- 
sary  for  them  to  materially  increase  their  carrying  capacity. 
The  terminal  facilities  particularly  are  pretty  expensive — around 
the  City  of  Kew  York  for  instancje.  1  think  it  is  getting  nar- 
rowed down  to  a  question  of  what  form  of  transmission  we  will 
use  in  order  to  get  energy  from  the  coal  fields  (the  main  sources 
of  power)  to  the  })oint  where  manufactures  concentrate.  We 
have  several  before  us.  We  have  heard  a  good  deal  about  com- 
pressed air  in  the  last  few  months.  1  have  been  looking  it  up  as 
carefully  as  I  could,  but  I  cannot  find  very  much  data  about  it. 
As  applied  to  street  railroads,  the  best  1  have  been  able  to  find 
was  in  a  letter  of  Mr.  Ira  Harris,  written  to  T/te  Railroad  Ga- 
zette^ along  in  October  sometime.  He  concludes  that  air  can  be 
compre-sed  at  about  six  cent«  per  thousand  cubic  feet  of  free  air, 
and  that  it  is  going  to  take  to  run  an  ordinary  street  oar  about 
417  cubic  feet  of  free  air  per  mile  at  the  speed  we  ordinaCrily 
run.  That  looked  to  me  very  much  like  about  two  and  one-half 
cents  a  car  mile  for  power,  and  I  do  not  think  we  are  prepared 
to  take  power  at  that  rate  just  at  present.  I  think  a  fair  average 
for  electric  work  would  be  about  a  cent  a  mile.  That  is  what  it 
costs  our  road — a  little  under  perhaps.  1  think  the  conclusion 
so  far  as  compressed  air  is  concerned,  would  be  obvious  under 
those  conditions.  W^e  have  the  explosion  motor  of  various  kinds 
and  descriptions,  but  there  does  not  seem  to  have  been  enough 
progress  made  in  that  to  tell  what  the  outcome  would  be  if  it 
was  put  in  large  units.  Probably  the  most  j)r<)mising  thing  is 
the  gas  motor,  and  the  distribution  of  gas  for  power  purposes 
through  a  piping  system.  The  piping  system  is  not  a  thmg  that 
we  look  on  with  very  much  favor  as  compared  to  a  copper  cir- 
cuit— rather  more  trouble  to  keep  in  shape.  If,  then,  we  come 
down  to  the  question  of  transmission  of  the  energy  to  the  manu- 
facturing centres  from  the  coal  fields  by  electricity,  it  would  nat- 
urally follow  that  the  roads  carrying  the  freight  between  those 
centres  would  adopt  that  power  too,  and  it  would  come  down 
more  to  a  question  of  what  variation  we  would  have  to  make  in 
our  present  practice  to  adapt  that  power  to  long  hauls.  The 
first  thing  that  would  strike  us  is  that  we  could  not  very  well  go 
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St  it  in  the  hammer  and  tongs  manner  that  we  do  in  electric  rail- 
roading. That  is,  we  cannot  put  in  power  enough  to  start  the 
whole  road  at  once,  if  necessary.  It  is  altogether  too  large  a 
problem.  The  excess  of  power  we  would  have  to  provide  would 
run  into  too  big  a  figure  altogether — both  the  excess  capacity  of 
the  line  and  the  excess  capacity  in  the  power-house,  ihe  only 
way  in  which  we  can  overcome  that  at  present  is  by  the  use  of 
the  storage  battery.  Of  course,  tiie  nearer  we  get  to  the  point 
where  the  power  is  actually  used  with  tiie  storage  battery,  the 
more  we  tave  in  the  capacity  of  the  line  and  the  station.  I'ut- 
ting  the  battery  on  the  locomotive  itself  we  save  in  the  capacity 
of  station  and  line  both,  and  approximate  very  nearly  the  ideal 
line.  At  the  same  time  we  cut  down  the  enormous  fluctuations 
which  would  result  from  the  use  of  electric  locomotives  on  a 
line  where  no  such  provision  is  made  Let  us  try  to  imagine 
once  the  conditions  which  would  exist  without  such  provision  for 
fluctuations,  if  we  have,  say,  five  or  six  switching  engines  in  the 
yard  moving  around  at  once,  and  perhaps  the  ( 'hicago  Limited 
moving  out  and  getting  up  speed  as  fast  as  possible,  and  four  or 
five  locals  pulling  out  of  the  train  sheds.  It  w^ould  take  about  a 
6,000  horse  power  plant,  and  altogether  it  would  make  fluctua- 
tions from  about  ten  units  that  the  load  of  that  plant  would  be 
depending  on.  They  would  be  accelerating,  shutting  off  and  ac- 
celerating again,  continually.  It  strikes  me  that  the  ammeter 
would  want  to  give  up  its  job  in  disgust ;  in  fact,  an  attempt  to 
work  with  electric  power  under  those  conditions  I  think  would 
be  out  of  the  question,  and  it  comes  down  to  the  question  of  a 
suitable  storage  battery  to  be  used  on  the  locomotive.  The  stor- 
age battery  is  more  or  less  of  a  problem  in  itself,  but  the  experi- 
ments up  on  the  Third  Avenue  Elevated,  I  think,  will  demon- 
strate what  can  be  done  in  that  direction.  The  plan  they  are 
adopting  there,  is  I  believe,  that  of  placing  the  storage  battery 
on  the  locomotive,  and  that,  I  think,  will  be  the  solution  when 
we  come  to  require  a  solution  of  the  question. 

Mr.  Eli  as  E.  Ries  : — I  have  listened  with  a  great  defil  of 
interest  to  the  discussion  this  evening.  I  came  too  late  to  hear 
the  first  part  of  Dr.  Emery's  pa|)er,  but  it  seems  to  me  that  this 
whole  question  of  Electric  Traction  Under  Steam  liailroad 
Conditions  might  be  resolved  into  three  divisions  and  be  con- 
sidere<r  under  three  distinct  and  separate  heads.  First,  we  must 
consider  the  general  question  of  feasibility,  practicability,  and 
eronomy,  in  substituting  electric  locomotives  for  steam  loco- 
motives as  such.  That  point  I  think  has  been  already  demon- 
strated. 

We  know  that  electric  locomotives  of  very  large  size  and  power 
are  practicable.  The  best  evidence  of  that  fact  is  that  there  are 
to-day  in  Baltimore  electric  locomotives  of  95  tons  w.eight  which 
are  hauling  the  heaviest  kind  of  steam  railroad  trains,  including 
the  steam  locomotives  attached  thereto,  through  the  B.  &  O.  R.  it. 
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taonel,  day  after  day.  They  are,  in  fact,  developing  an  amodnt 
of  tractive  power  of  wliich  steam  locomotives  of  the  same  weight 
are  incapable ;  so  that  the  (jiiei-tion  of  feasfhility  (»f  electric  loco- 
motion under  even  the  severest  steam  railway  conditions  is  de- 
finitely assured. 

The  question  as  to  whether  or  not  the  substitution  of  electricity 
for  steam  is  at  present  economical  depends  entirely  upon  the 
length  and  chara(iter  of  the  railway,  its  location  and  upon  the 
nature  of  its  traffic.  We  must  accordingly,  before  we  give  an 
answer  to  this  question,  classify  these  steam  railroads,  and  pro- 
ceed to  consider  their  operating  conditions  under  the  two  addit- 
ional heads  alluded  to,  the  first  relating  to  such  conditions  as  are 
found,  for  example,  on  ci)mparatively  sliort  interurban  railroads, 
or  still  better,  on  the  New  York  elevated  railways,  where  the 
trains  move  at  close  headway,  where  they  are  compararively  light, 
where  the  stnicture  itself  is  reasonably  short — being  less  than  10 
miles  ill  length — and  where  all  the  conditions  approximate  that 
ideal  which  electricians  look  upon  as  the  best  and  most  economi- 
cal for  a  railway  service  in  which  the  motive  power  is  derived 
from  fixed  stations;  that  is  to  say,  a  system  in  which  the  train 
units  are  short,  frequent,  light,  close  together,  and  in  brief,  a  sys- 
tem in  which  the  load  is  subdivided  and,  as  nearly  as  pr.icticable, 
distributed  evenly  and  smoothly  over  the  entire  line.  That  con- 
dition, 1  think,  is  fulfilled  very  closely  by  the  elevated  railway 
systems  of  this  city,  and  I  believe  all  things  considered,  that  the 
substitution  of  electricity  for  steam  locomotives  ought  to  com- 
mence right  here  under  such  conditions  Jis  those.  1  am  of  the 
decided  o|)inion  that  the  arguments  against  the  substitution  of 
electric  locomotii)ii  for  steam  on  ordinarv  trunk  lines,  which  have 
been  brought  out  to-night  by  our  steam  railroad  friends,  would 
not  apply  to  conditions  of  the  kind  that  are  met  with  on  roads 
like  the  elevated  or  on  any  reasonably  short  interurban  passenger 
railroad. 

Coming  now  to  the  third  division  or  heading,  which  relates  to 
and  includes  the  long  distance  or  trunk  line  roads,  I  may  say  that 
we  are  not  at  present,  generally  speaking^  in  a  condition  to  com- 
pete commercially  with  the  steam  locomotive.  Although  spec- 
ulations as  to  the  ultimate  use  of  electricity  on  long  distance  steam 
railroads  have  been  quite  frequent,  these  have  never  as  yet 
amounted  to  anything  in  a  tan^^ible  way.  'I  he  steam  locomotive 
is  admittedly  (piite  inetticient  tis  a  power  producer,  using,  as  has 
l)een  said  to  night,  from  five  to  six  pounds  of  coal  pur  horse  power 
developed,  whereas  by  generating  the  power  at  pioperly  ecj nipped 
central  stations,  using  large,  etficit-nt  stationary  dynamos,  and 
evenly  loaded  stationary  compound  condensing  engines  and  all 
the  modern  coal  and  labor  saving  appli.mces,  the  energy  can  be 
produced  at  two  or  a  fraction  over  two  pounds  of  coal  per 
horse  power,  besides  effecting  a  considerable  saving  in  labor. 
The  margin  of  saving  in  favor  of  the  stationary  plant  is  too  great 
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to  be  ignored,  where  it  can  be  turned  to  useful  account.  Yet 
there  are  other  features  which  render  it  impracticable,  under 
present  traffic  conditions^  to  operate,  electrically,  even  moderately 
long  distance  steam  railways.  In  the  first  place  the  trains,  instead 
of  being  reasonably  frequent,  close  and  liglit,  are  few,  far  between 
and  excessively  heavy.  It  has  always  been  the  aim  of  steam 
railroad  managers,  and  not  without  reason,  to  crowd  as  much 
traffic  as  possible  into  as  few  trains  as  could  be  consistently  run, 
with  due  deference  to  the  cost  of  additional  train  service  on  the 
one  hand  and  the  clamor  of  the  traveling  and  shipping  public  for 
increased  facilities  on  the  other,  and  so  long  as  tnese  conditions 
last  and  the  trains  are  made  heavy  enough  and  tlie  schedules 
separated  enough,  the  steam  locomotive  can  undoubtedly  do  the 
work  more  economically.  However,  1  do  not  believe  that  the 
limit  of  substitution  of  electricity  for  steam  will  have  been  reached 
when  we  eouip  a  system  like  the  elevated  roads  or  like  a  short 
surface  road  connecting  two  populous  cities  or  towns  and  doing  a 
very  large  and  frequent  local  passenger  traffic ;  but  am  firmly  of 
the  opinion  that,  with  the  development  of  higher  transmitting 
electromotive  forces  and  more  simple  methods  of  conversion  than 
those  which  are  now  practicable  to  use,  we  shall  be  in  a  position 
to  attack  the  problem  of  general  electric  locomotion  on  trunk  line 
roads.  This  will  be  the  case  more  especially  when  we  have 
learned  how  to  build  our  road-beds  and  track,  so  as  to  permit  of 
higher  speeds  with  safety  than  are  possible  with  steam  locomo- 
tives. An  electrically  welded  track,  free  from  mechanical  joints 
of  the  present  type,  will  go  far  to  bring  about  this  condition  of 
perfection  and  at  the  same  time  diminish  the  transmission  losses 
due  to  artificial  track-bonding  that  now  enter  so  largely  into  our 
calculations  on  line  losses  and  copper  cost.  It  is  not  so  much  a 
question  of  cost  as  of  ultimate  construction  and  operating  con- 
ditions on  these  roads.  The  mere  question  of  economy  in  coal,  as 
has  been  fully  pointed  out  this  evening,  does  not  enter  so  largely 
into  the  results  to  be  obtained  as  to  be  the  controlling  factor.  The 
consumption  of  coal  alone  is  only  a  small  fraction  oi  the  operating 
expenses  of  a  road  at  best,  and  while  saving  in  that  respect  is  very 
desirable,  yet  the  absence  of  it  would  not  keep  back  the  introduc- 
tion of  electricity,  if  electricity  can  show  decided  ad  vantages  over 
the  present  method  of  operating  by  steam,  either  in  speed,  safety, 
frequency  of  train  service,  cleanliness,  lessened  proportion  of 
dead  loau  of  locomotive  and  train  to  passengers,  improved  meth- 
ods of  lighting,  heating  and  braking,  enhanced  facilities  for  hand- 
ling and  dispatching  trains,  general  attractiveness  to  passengers, 
or  m  any  otner  way. 

Mr.  Kennelly  has  well  said  that  the  transatlantic  steamship 
companies  have  found  high  speeds  to  pay  even  at  the  expense  of 
the  well  known  enormously  disproportional  increase  in  coal  con- 
sumption. We  can  readily  save  one-half  of  the  total  coal  con- 
sumed per  hour  by  our  modem  transatlantic  liners  by  ruuuw*^ 
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at  a  speed  only  a  few  knots  less ;  or,  if  we  desire  to  economize 
still  further,  we  can  dispense  with  coal  altogether  and  cro88  the 
ocean  under  sail,  as  our  grandfathers  did  beK)re  us ! 

If  electric  energy  generated  at  power  stations  is  ever  to  be  ap- 
plied to  steam  railroad  work  for  long  distances,  and  of  this  I 
have  no  doubt  whatever,  it  is,  I  believe,  necessary  that  such  a 
sytems  shall  use  high  tension  alternating  transmitting  currents, 
converted  at  points  along  the  line  of  way  into  safe  lower-tension 
operating  currents,  either  alternating  or  direct,  preferably  the 
former,  and  fed  to  the  locomotives  in  this  converted  or  lower- 
tension  form,  as  1  stated  in  the  course  of  my  remarks  at  the  last 
meeting  of  the  Institutk.  The  introduction  of  electricity  upon 
steam  railroads  will  bring  about  new  traffic,  operating  and  eco- 
nomic conditions  that  are  now  scarcely  dreamed  of,  and  upon  these 
conditions  its  superiority  and  commercial  success  will  depend. 

There  is,  to  my  mind,  no  form  of  energy  yet  discovered  that 
is  so  safe*  flexible  and  economical  and  so  well  adapted  for  pur- 
poses of  transmission  as  electricity,  whether  it  be  used  for  rail- 
way or  other  work.  It  has,  like  any  other  method  of  power 
transmission,  its  limitations;  but  these  limitations  are  by  no 
means  as  restricted  as  in  the  case  of  other  well  known  transmis- 
sion methods  with  which  we  are  familiar.  Nor  is  there,  so  far 
as  I  am  aware,  any  available  form  of  stored  or  portable  energy  that 
is  at  all  comparable,  weight  for  weight  or  bulk  for  bulk,  with  the 
mechanical  energy  latent  in  coal,  which  latter  is  now  used  as  the 
fiource  of  motive  power  on  steam  locomotives,  and  we  cannot  ac- 
cordingly hope  for  much  improvement  in  this  respect.  This 
coal  constitutes,  with  the  necessary  water,  tanks  and  converting 
plant  not  directly  required  for  tractive  weight,  a  very  large  per- 
centage of  the  dead  load  to  be  hauled  over  the  entire  road,  and 
contributes  largely  to  the  expense  of  starting,  running  and 
stopping  the  train.  If,  therefore,  any  advociite  of  portable  or 
stored  energy  in  the  shape  of  coal,  gas  or  petroleum,  or  some  pe- 
culiar form  of  chemical  energy,  or  any  other  primary  generating 
i^nt,  or  the  discoverer  of  more  efficient  methods  of  converting 
the  stored  energy  of  coal  into  mechanical  energy,  were  to  come 
to  me  with  claims  as  to  any  special  merits  or  utility  it  may  have 
over  existing  methods  as  a  source  of  power  for  railway  locomo- 
tion, I  should,  in  all  probability,  advise  him,  if  the  conditions 
were  at  all  favorable,  to  convert  his  power  into  the  form  of  elec- 
trical energy  at  a  fixed  station  and  transmit  it  over  a  small  and 
flexible  wire  to  the  cars  in  the  form  of  current,  rather  than  at- 
tempt to  carry  and  transform  it  into  motive  jmwer  upon  the  train. 
If  the  amount  of  traffic  on  any  given  steam  road  can  be  made 
sufficient  to  justify  the  entire  equipment  of  a  long  distance  line 
electrically,  the  transmission  distance  can  be  easily  conflned  with- 
in its  economical  limits  by  a  proper  location  of  generating  sta- 
tions. In  the  meantime,  there  is  no  reason  why  portions  of  the 
lines  on   which   a  reasonably   continuous   passenger  service   is 
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handled  or  can  be  developed,  should  not  he  electrically  equipped, 
subsequently  extending  the  electric  service  to  other  trains  and 
thus  gradually  displacing  the  steam  locomotives.  What  we 
need  above  all  for  trunk  line  roads  is  a  suthciently  high  trans- 
mitting electromotive  force  and  the  most  simple  and  efficient 
type  of  converters  and  motors.  This  much  provided,  the  re- 
mainder will  come  of  itself. 

I  will  now  return  again  to  the  conditions  as  they  exist  upon 
the  ^ew  York  elevated  railway  system.  There  we  find  that 
the  location  is  excellent  for  the  economical  generation  of  power 
near  the  water  front,  which  extends  practically  parallel  along  the 
whole  length  of  the  line  and  but  a  short  distance  from  it,  and  it 
would  be  a  simple  matter  to  put  up  two  or  more  generating  sta- 
tions for  supplying  the  line.  That  condition  is  better  than  would 
exist  in  the  case  oi  most  long  distance  steam  roads  where  facili- 
ties for  the  economical  generation  of  power  could  not  be  so 
readily  had.  In  addition  we  have  the  advantage  of  the  short 
length  of  transmission,  which  renders  it  unnecessary  to  use  alter- 
natmg  or  converted  currents  of  any  type.  With  a  proper  pro- 
portioning of  the  stations,  it  seems  to  me  that  a  direct  current 
which  is  ted  to  the  working  conductor  at  a  net  electromotive  force 
not  greater  than  600  volts,  would  do  the  work ;  and  in  that  con- 
nection it  seems  to  me,  after  carefully  considering  the  situation 
and  conditions,  that  in  order  to  get  the  best  and  most  economical 
results  on  a  road  such  as  the  iSew  York  elevated  railway  sys- 
tem, it  would  be  desirable  to  supplement  the  direct  line  distribu- 
tion by  means  of  secondary  batteries  of  comparatively  moderate 
capacity  carried  permanently  on  the  locomotives  of  the  trains. 
At  a  meeting  of  the  American  Institute  of  Electrical  En- 
gineers, held  as  long  ago  as  October  9,  1888,  at  which  meeting 
I  had  the  honor  of  being  called  upon  to  open  the  discussion,  I 
had  the  pleasure  of  describing  briefly  a  combined  system  of  this 
kind  for  the  first  time,  which  events  since  then  have  proven  to 
be  founded  upon  the  correct  principles. 

This  auxiliary  battery  is  preferably  to  be  carried  on  the  motor 
car,  which  is  oi  the  regulation  passenger  length  and  may  be  used 
as  a  smoking  car,  and  consists  of  a  number  of  sections  which  are 
capable  of  being  connected  or  grouped  in  series  or  parallel  by 
means  of  a  simple  controller  switcn.  The  battery  sections  are 
normally  grouped  in  series  with  each  other  but  connected  in 
parallel  with  the  motors  and  across  the  line,  when  the  motors  are 
being  supplied  with  propelling  current  from  the  line,  so  as  to  pro- 
duce a  uniform  load  upon  the  power  station  and  take  care  of  the 
traffic  at  congested  points  or  points  that  are  likely  to  l)e  congested 
in  the  normal  operation  of  the  road,  by  maintaining  the  working 
potential  constant  at  distant  portions  of  the  line  that  may  be  sub- 
jected to  a  temporary  overload,  and  by  supplying  automatically 
any  sudden  increased  demand  made  by  the  motors.  These  bat- 
teries, however,  would  not  be  used  in  that  sense  entirely,  but  their 
importance  is  far  more  wide-reaching,  as  we  shall  ^t^^i^T^Xk^  %»^. 
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There  is  a  great  deal  of  energy  lost  on  the  elevated  railway 
system,  for  example,  in  descending  grades  and  in  coming  to  a 
stop  at  stations,  the  stops  being  exceedingly  frequent  The- 
grades  there  are  much  steeper  and  more  numerous,  and  the  re- 
quirements of  rapid  transit  demand  more  rapid  acceleration  with 
quick  but  gradual  stops,  than  in  the  case  of  the  steam  railroads. 

Now  then,  by  dispensing  with  the  steam  locomotive  and  sub- 
stituting a  locomotive  which  we  will  say  consists  of  one  motor 
car  for  the  train,  the  motor  car  may  take  the  place  of  the* 
present  leading  car  so  as  to  avoid  increasing  the  length  of  the 
station  platforms.  This  motor-car  we  will  assume  is  provided 
with  four  motors  placed  below  the  car  floor  and  each  geared  to- 
its  own  axle  so  as  to  give  a  distributed  tractive  effect  due  to  eight 
driving  wheels,  the  force  of  which  is,  of  course,  supplemented 
by  the  weiirht  of  the  auxiliary  battery,  which  may  be  readily 
placed  under  the  seats  along  the  side  of  the  car  or  carried  upon 
the  truck. 

The  total  number  of  battery  cells  to  each  train  would  be  slightly 
over  one-half  of  the  immber  of  volts  on  the  line,  and  the  cells  we 
will  assume  are  divided  into  four  grou])s  or  sections,  and  capable 
of  being  connected  in  series  or  parallel  by  means  of  a  special  con- 
trolling switch  used  in  the  ordinary  operation  of  the  train.  Now 
then,  when  a  train  is  descending  a  grade  or  coming  to  a  stop  at 
stations,  and  the  current  is  therefore  tio  longer  needed  for  its  pro- 
pulsion, the  connection  between  the  line  and  the  locomotive  is 
mterrupted  by  moving  the  controller  switch,  which  operation 
converts  the  motors  into  braking  generators  and  also  connects 
the  battery  sections  in  multiple  series  or  parallel  with  the  motor 
circuit  in  such  a  way  as  to  cause  the  battery  to  oppose  a  low 
cov/rder-electromotive  force  to  the  charging  current,  thereby  en- 
abling the  mechanical  energy  or  momentum  of  the  train  to  be 
converted  into  electrical  energy  almost  to  the  point  of  stopping, 
which  energy  is  absorbed  by  the  battery  to  be  given  out  again  by 
it  in  the  form  of  useful  power  whenever  required.  It  has  been- 
estimated,  that  of  the  total  amount  of  energy  developed  by  the 
steam  locomotives  on  the  Third  Avenue  elevated  railway,  59 
per  cent,  of  the  power  expended  on  a  round  trip  is  upcd  in  start- 
mg,  24  per  cent,  in  lifting,  and  only  17  per  cent,  in  tniction. 
That  means  that  83  per  cent,  of  the  total  j)ower  expended  upon 
the  elevated  railway  system  in  this  citv  is  consumed  on  account 
of  stoppages  and  grades,  of  which  nothing  is  recovered,  but  on 
the  contrary,  the  waste  is  augmented  by  the  further  use  of 
steam  to  apply  the  brakes.  If  we  can  reclaim  only  one-half,  or 
60  per  cent.,  of  this  wasted  energy  by  the  method  described, 
which  I  believe  by  this  plan  is  entirely  within  the  range  of  prac- 
tice, it  would  produce  a  very  great  saving  in  power  that  could 
not  be  accomplished  in  any  otiier  way,  and  in  this  manner  we 
would  get  the  benefit,  by  very  simple  and  reliable  means,  of  the 
most  economic  method  of  operating  these  roads  that  to  my  mind, 
can  poseibly  he  conceived  of. 
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Although  the  cells  of  the  battery  are  just  sufficient  in  number 
to  develop  the  normal  line  elect ro-motivfe  foi-ce  when  the  sections 
are  connected  in  series,  their  size  or  current-capacity,  and  conse- 
<juently  their  weight,  as  compared  with  an  ordinary  secondary 
Oattery  car  equipment,  need  be  but  moderate  because  of  the 
almost  constant  accession  of  charging  current  and  the  compara- 
tively limited  supply  of  stored  power  which  this  system  would 
require,  whether  for  the  maintenance  of  a  uniform  station  load 
and  equalization  of  working  potential  over  the  entire  system,  or 
for  emergency  use.  The  storage  battery  to-day  is  a  far  more 
perfect  and  reliable  affair  than  it  was  eight  or  ten  years  ago,  and 
as  cells  are  now  made  that  are  capable  of  standing  a  heavy  emer- 
gency discharge  without  injury,  it  is  entirely  practicable  to  equip 
the  motor-car  with  reasonably  lightweight  cells  having  a  capacity 
sufficient,  if  need  be,  to  not  only  permit  the  train  to  make  a  com- 
plete round  trip  under  full  load  without  any  aid  whatever  from 
the  power  stations,  80  as  to  keep  the  line  going  in  case  of  any 
accident  or  temporary  shut  down  at  the  power  house,  but  also  to 
take  entire  care  of  its  own  train  for  shorter  periods  on  certain 
sections  of  the  line  during  the  hours  of  heaviest  traffic.  The 
battery  in  such  case  will  have  been  previously  charged  during  the 
hours  of  light  travel,  while  grouped  in  series  and  connected  across 
the  line  in  parallel  with  the  motors  during  the  usual  operation  of 
the  train,  or,  in  the  case  of  "extra"  trains,  during  the  time  the 
latter  are  at  rest.  This  charging  process  just  referred  to,  relates 
entirely  to  the  "  main  "  charging  in  cases  where  it  is  desirable  to 
run  certain  trains  during  busy  hours  entirely  or  almost  entirely 
by  their  own  battery  power,  as  on  branches  or  portions  of  the 
line  remote  from  the  power  station,  or  on  the  middle  express 
service  tracks  (which  latter  in  the  case  under  consideration,  it 
might  be  desirable  to  leave  unequipped  with  supply  conductors 
because  of  the  frequent  occurence  of  switches,  crossovers,  and 
turnouts,)  on  which  few  or  no  stops  are  made  after  the  train  is 
once  under  way.  In  fact,  all  batteries  intended  for  such  service 
would  receive  their  "  main"  charge  during  the  intervals  of  light 
travel,  while  these  as  well  as  all  the  other  batteries  on  the  line 
would  receive  their  normal  or  "maintenance"  charge  automati- 
cally, according  to  circumstances,  from  the  line  or  from  the 
motors  when  the  latter  are  acting  as  braking  generators  as  I  have 
already  described.  A.ny  overcharge  of  the  battery  occurring 
under  the  last  named  condition,  such  as  mi^ht  take  place  on  a 
long  down  grade,  during  which  the  acquirea  speed  of  the  train  is 
checked  or  maintained  constant  by  the  conversion  of  its  surplus 
energy  into  stored  electrical  power,  is  of  an  advantage  in  that  it 
is  practically  given  back  to  the  line  when  the  battery  is  a.uain 
connected  in  series,  which  battery  will  for  the  time  being  act 
much  in  the  same  manner  as  a  booster  to  the  line  and  its  feeders 
until  it  has  again  reached  its  normal  charged  condition.  In  other 
words,  the  batteries  when  arranged  as  I  have  ^intad  wiX.^^^xiRN. 
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however  in  this  case  so  widely  different,  tliat  I  do  not  think  we 
can  postulate,  at  first  si^rht,  any  such  conclusion.  So  soon  as  you 
get  upon  a  reserved  ti-ack,  and  have  to  make  a  liigh  speed,  you 
cannot  st'»p — you  have  not  the  time  to  stop — it  costs  too  much 
to  stop  ;  then  you  meet  tlie  conditions  which  are  found  in  exist- 
ing long  distance  steim  roads  today.  For  many  years  this  prob- 
lem of  carrying  passengers  rapidly  and  comfortably  over  great 
distances  has  been  dealt  with  l»y  steam  locomotive  engineers,  and 
the  maximum  economy  has  been  long  striven  for,  that  existing 
conditions  will  permit.  It  is  contended  that  if  we  could  replace 
the  steam  locomotives  of  the  prcvsent  time  by  electric  locomotives 
that  we  could  economize — that  we  would  show  an  economy  by 
reason  of  the  saving  in  fuel.  Now  I  never  saw  anj'  engine  that 
it  was  claimed  would  produce  a  horse-power  on  say  two  pounds 
of  coal  per  indicated  horse-power.  1  have  always  understood 
that  it  took  five  and  six.  I  will  assume  that  for  the  present  time 
they  do  take  five  and  a  half  pounds  of  coal  on  an  average  throuirh- 
out  the  country.  The  fuel  expenses  of  the  roads  throughout  the 
country  are  stated  in  the  statistics  to  vary  from  i  per  cent, 
to  13  per  cent,  of  the  total  operating  expenses  and  we  may  take 
an  average  of  say  10  per  cent,  of  the  total  operating  expenses  as 
covering  the  cost  of  the  coal  and  perhaps  also  the  cost  of  the 
water  supply.  Assuming  that  we  had  some  kind  friend  who 
would  take  a  steam  railroad  and  give  us  an  electric  locomotive  to- 
morrow for  each  ste.im  locomotive,  having  the  same  power  and 
being  worth  about  the  same  amount  of  money,  and  also  providing 
the  plant  and  conductors  whereby  that  system  could  be  operated, 
we  should  be  able  to  throw  out  all  the  tenders,  and  that  would  be 
a  considerable  saving  no  doubt.  We  should  save  2b  tons  or  so 
to  every  tram,  and  that  would  enable  us  to  haul  a  larger  load  of 
freight  and  carry  perhaps  a  little  higher  speed  with  safety  for 
pas-enger  service.  The  difference  in  coal  consumed  might 
amount  to  as  much  as  twelve  per  cent  upon  the  passenger  trains. 
It  might  amount  to  only  three  or  four  percent,  on  freight  trains. 
But  suppose  it  averaged  about  six  per  cent.  We  should  have  a 
saving  of  fuel  of  about  fi  per  cent,  simply  by  displacing  the  t-n- 
ders.  The  steam  plants  situated  in  a  central  station  might  pos- 
sibly, let  us  say,  generate  an  indicated  horse  power  on  two  pounds 
of  coal — I  fancy  that  it  would  be  safe  to  allow  three,  to  meet 
average  conditions  of  variable  loads.  With  three  pounds  of  c<ial 
per  H.  p.  hour  at  the  central  station  for  the  transmission  system 
we  should  probably  expect  to  develop  a  horse  power  hour  sit  the 
shafts  of  the  electric  locomotive  for  about  five  pounds  of  coal. 
AVe  should  therefore  be  very  little  better  off  than  we  are  at  the 
present  time  with  good  steam  locomotives.  Even  if  we  succeed 
in  bringing  the  coal  consumption  down  to  two  pounds  per  one 
H.  p.  hour,  we  could  not  expect  to  develop  a  h.  p.  hour  at  the 
locomotive  shafts  for  less  than  3J  lbs.  We  should,  however  have 
a  greatly  increased  plant,  a  much  larger  inspection  and  much 
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greater  fixed  charges,  and  we  conld  not  so  far  as  I  can  see,  expect 
under  the  conditions  of  railroad  traiiic  of  to-day  to  see  any  sav  ing 
effected. 

But  the  question,  fortunately  for  us,  does  not  lie  solely  in  that 
compass.  Economy  is  not  the  sole  point  of  advantage  m  which 
we  can  expect  to  increase  electric  traction.  If  economy  were  the 
only  factor  of  passenger  transportation,  we  should  never  find  that 
the  pajBsenger  steamers  which  run  across  the  Atlantic  would  in- 
crease their  expenses  every  year  by  putting  more  and  more  horse 
power  on  board  their  ships  consuming  coal  approximately  in  pro- 
portion to  the  cube  of  the  velocity,  in  order  to  carry  their  pas- 
sengers over  the  ocean  in  a  few  hours  less  time.  And  if  jt  can 
be  demonstrated   that  an   electric   locomotive  can  safely  carry 

[)assengersat  say  100  or  120  miles  per  hour,  1  think  there  is  a  very 
arge  ueld  open  for  the  electric  locomotive  on  the  lines  of  hign 
speed.  It  may  cost  more,  but  it  is  very  probable  that  pe(»ple 
would  be  ready  to  spend  more  for  high  speed  passenger  service. 
The  conditions  at  such  speed  would  be  so  radically  different,  the 
problem  presented  would  be  so  different,  the  number  of  cars  per 
train  and  the  character  and  style  of  the  cars  so  different  that  a 
new  problem  is  presented,  and  on  those  lines  I  think  there  is  a 
future  for  the  electric  motor.  But  on  the  lines  of  the  present 
steam  locomotive  and  the  mere  substitution  of  electricity  for 
steam,  I  do  not  see  where  we  can  claim  an  adv;intage.  The 
schedule  time  which  the  steam  railroad  time  tables  of  ilie  last 
twenty  years  show  us,  do  indicate  an  improvement  in  express 
train  speed,  but  by  no  means  a  marked  improvement.  1  think 
that*  is  a  tacit  admission  to  the  effect  that  the  steam  locomotive 
cannot  commercially  be  made  to  run  on  existing  railroads  at  very 
much  higher  speeds  than  that  attained  to-day.  How  far  that 
may  be  due  to  imperfection  in  the  locomotive  as  a  machine,  or 
how  far  to  imperfections  in  existing  track  is  a  more  difiicult 
question.  But  if,  as  we  believe,  an  electric  motor  can  be  pro- 
duced, making  up  in  lightness  what  it  lacks  in  drawbar  pull,  that 
will  haul  light  cars  at  a  very  high  speed,  then  1  think  we  may 
safely  hope  for  a  great  future  for  the  electric  passenger  long  dis- 
tance railway. 

Mr.  C.  i.  Ukbklackkr:  — Aside  from  the  matter  of  expense 
— not  entirely  aside  from  it,  but  rather  a  point  which  brings  the 
question  of  electric  traction  away  from  the  question  of  expense 
more  or  less — is  the  ultimate  capacity  of  the  steam  roads  for 
freight  traffic.  As  I  have  been  thinking  it  over  for  the  last  few 
days  it  seemed  to  me  of  a  good  deal  more  importance  than  we 
have  been  realizing.  The  fact  is  that  three  or  four  years  ago — 
in  18i^2,  when  probably  we  had  the  heaviest  traflic  of  any  time 
on  the  steam  roads,  quite  a  number  of  them  were  operated  on 
the  verge  of  congestion.  It  was  a  strain  all  the  time  to  keep  the 
freight  moving,  and  particularly  to  keep  the  fuel  which  runs  our 
cars  here  in  the  JLast,  moving  from  the  West.     At  that  time 


^W  ELECTRIC  TRACTION,  lOct.  21, 

some  of  the  gas  managers  around  this  portion  of  the  country  were 
looking  each  day  to  see  wliere  their  coal  for  the  next  day  was. 
A\*hen  things  get  into  that  condition  it  has  come  to  a  point  where 
we  have  ^ot  to  find  some  method  of  conveying  our  ener^fy  from 
the  coal  fields,  if  that  is  where  we  have  got  tt»  get  it  from^  to  the 

Eoint  where  it  is  consumed,  in  some  more  concrete  fonn  than  by 
auling  fuel  in  cars.  The  actual  fact  is  that  on  several  of  our 
roads  ttii?  coal  and  coke  carried  amount  to  a  little  more  than  fifty 
per  cent,  of  the  total  frei»!:ht  tonnage.  The  removal  of  a  portion 
of  the  tonnage  would,  of  course,  make  room  for  more  manufac- 
tured products.  I  think  the  feeling  amongst  all  the  railn^ads  is 
that  they  do  not  want  to  spend  any  more  money  ;  they  do  not 
want  to  lay  out  the  enormous  investments  which  would  be  neci»8- 
sary  for  them  to  materially  increase  their  carrying  capacity. 
The  terminal  facilities  particularly  are  pretty  expensive — around 
the  City  of  New  York  for  instance.  I  think  it  is  getting  nar- 
rowed down  to  a  question  of  what  form  of  transmission  we  will 
use  in  order  to  jjjet  energy  from  the  coal  fields  (the  main  sources 
of  power)  to  the  point  where  manufactures  concentrate.  We 
have  several  before  us.  We  have  heard  a  good  deal  about  com- 
pressed air  in  the  last  few  months.  I  have  been  looking  it  up  as 
carefully  as  I  could,  but  I  cannot  find  very  much  data  "about  it. 
As  ap|)lied  to  street  railroads,  the  best  1  have  been  able  to  find 
was  m  a  letter  of  Mr.  Ira  Harris,  written  to  The  Railroad  Ga- 
zette^ along  in  October  sometime,  lie  concludes  that  air  can  be 
compre-sed  at  about  six  cents  per  thousand  cubic  feet  of  free  air, 
and  that  it  is  going  to  take  to  run  an  ordinary  street  ear  about 
417  cubic  feet  of  free  air  per  mile  at  the  8])eed  we  ordinarily 
run.  That  looked  to  me  very  much  like  about  two  and  one-half 
cents  a  car  mile  for  power,  and  I  do  not  think  we  are  prepared 
to  take  power  at  that  rate  just  at  present.  I  think  a  fair  average 
for  electric  work  would  be  about  a  cent  a  mile.  That  is  what  it 
costs  our  road — a  little  under  perhaps.  I  think  the  conclusion 
so  far  as  compressed  air  is  concerned,  would  be  obvious  under 
those  conditions.  AVe  have  the  explosion  motor  of  various  kinds 
and  descriptions,  but  there  does  not  seem  to  have  been  enough 
progress  made  in  that  to  tell  what  the  outcome  would  be  if  it 
was  put  in  large  units.  Probably  the  most  promising  thing  is 
the  gas  motor,  and  the  distribution  of  gas  for  power  purposes 
through  a  piping  system.  The  piping  system  is  not  a  thing  that 
we  look  on  with  very  much  favor  as  compared  to  a  copper  cir- 
cuit— rather  more  trouble  to  keep  in  shape.  If,  then,  we  come 
down  to  the  question  of  transmission  of  the  energy  to  the  manu- 
facturing centres  from  the  coal  fields  by  electricity,  it  would  nat- 
urally follow  that  the  roads  carrying  the  freight  l)etween  those 
centres  would  adopt  that  power  too,  and  it  would  come  down 
more  to  a  question  of  what  variation  we  would  have  to  make  in 
our  present  practice  to  adapt  that  power  to  long  hauls.  The 
first  thing  that  would  strike  us  is  that  we  could  not  very  well  go 
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at  it  in  the  hammer  and  ton^  manner  that  we  do  in  electric  rail- 
roading. That  is,  we  cannot  put  in  power  enough  to  start  the 
whole  road  at  once,  if  necessary.  It  is  altogether  too  large  a 
problem.  The  excess  of  power  we  would  have  to  provide  w<iuld 
run  into  too  big  a  figure  altogether — both  the  excess  capacity  of 
the  line  and  the  excess  capacity  in  the  power-house.  The  only 
way  in  which  we  can  overcome  that  at  present  is  by  the  use  of 
the  storage  battery.  Of  courcse,  the  nearer  we  get  to  the  point 
where  the  power  is  actually  used  with  the  storage  battery,  the 
more  we  ^ave  in  the  capacity  of  the  line  and  the  station,  i'ut- 
ting  the  battery  on  the  locomotive  itself  we  save  in  the  capacity 
of  station  and  line  both,  and  approximate  very  nearly  the  ideal 
line.  At  the  same  time  we  cx\t  down  the  enormous  fluctuations 
which  would  result  from  the  use  of  electric  locomotives  on  a 
line  where  no  such  provision  is  made  Let  us  try  to  imagine 
once  the  conditions  which  would  exist  without  such  provision  for 
fluctuations,  if  we  have,  say,  five  or  six  switching  engines  in  the 
3'ard  moving  around  at  once,  and  perhaps  the  (  hicago  Limited 
moving  out  and  getting  up  speed  as  fast  as  possible,  and  four  or 
five  locals  pulling  out  of  the  train  sheds.  It  would  take  about  a 
6,000  horse  power  ])lant,  and  altogether  it  would  make  fluctua- 
tions from  about  ten  units  that  the  load  of  that  plant  would  be 
depending  on.  They  would  be  accelerating,  shutting  off  and  ac- 
celerating again,  continually.  It  strikes  me  that  the  ammeter 
w«)uld  want  to  give  up  its  job  in  disgust ;  in  fact,  an  attempt  to 
work  with  electric  power  under  those  conditions  I  think  would 
be  out  of  the  question,  and  it  comes  down  to  the  question  of  a 
suitable  stora«:e  batterv  to  be  used  on  the  locomotive.  The  stor- 
age  battery  is  more  or  less  of  a  problem  in  itself,  but  the  experi- 
ments up  on  the  Third  Avenue  Elevated,  I  think,  will  demon- 
strate what  can  be  done  in  that  direction.  The  plan  they  are 
adopting  there,  is  I  believe,  that  of  placing  the  storage  battery 
on  the  locomotive,  and  that,  1  think,  will  be  the  solution  when 
we  come  to  require  a  solution  of  the  question. 

Mr.  J]lias  K.  Kies  : — 1  have  listened  with  a  great  deal  of 
interest  to  the  discussion  this  evening.  I  came  too  late  to  hear 
the  first  part  of  Dr.  Emery V  j)aper,  but  it  seems  to  me  that  this 
whole  question  of  Electric  Traction  Under  Steam  liailroad 
Conditions  might  be  resolved  into  three  divisions  and  be  con- 
sidered* under  three  distinct  and  separate  heads.  First,  we  must 
consider  the  general  question  of  feasibility,  practicability,  and 
economy,  in  substituting  electric  locomotives  for  steam  loco- 
motives as  such.  That  point  I  think  has  been  already  demon- 
strated. 

We  know  that  electric  locomotives  of  very  large  size  and  power 
are  practicable.  The  best  evidence  of  that  fact  is  that  there  are 
today  in  Baltimore  electric  locomotives  of  95  tons  w.eight  which 
are  hauling  the  heaviest  kind  of  steam  railroad  trains,  including 
the  steam  locomotives  attached  thereto,  through  the  B.  &  (J.  R.  it. 
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taDDel,  day  after  day.  They  are,  in  fact,  developing  an  amotint 
of  tractive  power  of  wliich  steam  locomotives  of  the  same  weight 
are  incapable ;  so  that  the  qae«?tion  of  fedstbility  of  electric  loco- 
motion under  even  the  severest  steam  railway  conditions  is  de- 
finitely assured. 

The  question  as  to  whether  or  not  the  substitution  of  electricity 
for  steam  is  at  present  economical  depends  entirely  upon  the 
length  and  charac.ter  of  the  railway,  its  location  and  upon  the 
nature  of  its  traffic.  We  must  accordingly,  before  we  give  an 
answer  to  this  question,  classify  these  steam  railroads,  and  pro- 
ceed to  consider  their  operating  conditions  under  the  two  addit- 
ional heads  alluded  to,  the  first  relating  to  such  conditions  as  are 
found,  for  example,  on  comparatively  short  interurban  railroads, 
or  still  better,  on  the  New  York  elevated  railways,  where  the 
trains  move  at  close  headway,  where  they  are  compararively  h'ght, 
where  the  stnicture  itself  is  reasonably  short — bemg  less  than  10 
miles  in  length — and  where  all  the  conditions  approximate  that 
ideal  which  electricians  look  upon  as  the  best  and  most  economi- 
cal for  a  railwav  service  in  which  the  motive  power  is  derived 
from  fixed  stations;  that  is  to  say,  a  system  in  which  the  train 
units  are  short,  frequent,  light,  close  together,  and  in  brief,  a  sys- 
tem in  which  the  load  is  subdivided  and,  as  nearly  as  pnicticable, 
distributed  evenly  and  smoothly  over  the  entire  line.  That  con- 
dition, I  think,  is  fulfilled  very  cl«»sely  by  the  elevated  railway 
systems  of  this  city,  and  I  believe  all  things  considered,  that  the 
substitution  of  electricity  for  steam  locomotives  ought  to  com- 
mence right  here  under  such  conditions  as  those.  1  am  of  the 
decided  opini<»n  that  the  arguments  against  the  substitution  of 
electric  locomotion  for  steam  on  ordinary  trunk  lines,  which  have 
been  brought  out  to-night  by  onr  steam  railroad  friends,  would 
not  apply  to  conditions  of  the  kind  that  are  met  with  on  roads 
like  the  elevated  or  on  any  reaj^onably  short  interurban  passenger 
railroad. 

Coming  now  to  the  third  division  or  heading,  which  relates  to 
and  includes  tlie  long  distance  or  trunk  line  roads,  I  may  say  that 
we  are  not  at  present,  generally  speaking^  in  a  condition  to  com- 
pete commercially  with  the  ^team  locomotive.  Although  spec- 
ulations as  to  the  ultimate  use  of  electricity  on  long  distance  steam 
railroads  have  been  quite  frequent,  these  have  never  as  yet 
amounted  to  anything  in  a  tangible  way.  1  he  steam  locomotive 
is  admittedly  quite  inefficient  as  a  power  producer,  using,  as  has 
l)een  said  to-night,  from  five  to  six  pounds  of  coal  pur  horse  power 
developed,  whereas  by  generating  the  power  at  properly  e(|Nipped 
central  stations,  using  large,  efficient  stationary  dynamos,  and 
evenly  loaded  stationary  compound  condensing  engines  and  all 
the  modern  coal  and  labor  saving  appli.mces,  the  energy  can  be 
produced  at  two  or  a  fraction  over  two  pounds  of  coal  per 
horse  power,  besides  effecting  a  considerable  saving  in  labor. 
The  margin  of  saving  in  favor  of  the  stationary  plant  is  too  great 
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to  be  ignored,  where  it  can  be  turned  to  useful  account.  Yet 
there  are  other  features  which  render  it  impracticable,  under 
present  traffic  conditions^  to  operate,  electrically,  even  moderately 
long  distance  steam  railways.  In  the  first  place  the  trains,  instead 
of  being  reasonably  frequent,  close  and  liglit,  are  few,  far  between 
and  excessively  heavy.  It  has  always  been  the  aim  of  steam 
railroad  managers,  and  not  without  reason,  to  crowd  as  much 
traflic  as  possible  into  as  few  trains  as  could  be  consistently  run, 
with  due  deference  to  the  copt  of  additional  train  service  on  the 
one  hand  and  the  clamor  of  the  traveling  and  shipping  public  for 
increased  facilities  on  the  other,  and  so  long  as  tnese  conditions 
last  and  the  trains  are  made  heavy  enough  and  tlie  schedules 
separated  enough,  the  steam  locomotive  can  undoubtedly  do  the 
work  more  economically.  However,  I  do  not  believe  that  the 
limit  of  substitution  of  electricity  for  steam  will  have  been  reached 
when  we  eauip  a  system  like  tlie  elevated  roads  or  like  a  short 
surface  road  connecting  two  populous  cities  or  towns  and  doing  a 
very  large  and  frequent  local  passenger  traflic ;  but  am  firmly  of 
the  opinion  that,  with  the  development  of  higher  transmitting 
electromotive  forces  and  more  simple  methods  of  conversion  than 
those  which  are  now  practicable  to  use,  we  shall  be  in  a  position 
to  attack  the  problem  of  general  electric  locomotion  on  trunk  line 
roads.  This  will  be  the  case  more  especially  when  we  have 
learned  how  to  build  our  road-beds  and  track,  so  as  to  permit  of 
higher  speeds  with  safety  than  are  possible  with  steam  locomo- 
tives. An  electrically  welded  track,  free  from  mechanical  joints 
of  the  present  type,  will  go  far  to  bring  about  this  condition  of 
perfection  and  at  the  same  time  diminish  the  transmission  losses 
due  to  artificial  track-bonding  that  now  enter  so  largely  into  our 
calculations  on  line  losses  and  copper  cost.      It  is  not  so  much  a 

Question  of  cost  as  of  ultimate  construction  and  operating  con- 
itions  on  these  roads.  The  mere  question  of  economy  in  coal,  as 
has  been  fully  pointed  out  this  evening,  does  not  enter  so  largely 
into  the  results  to  be  obtained  as  to  be  the  controlling  factor.  The 
consumption  of  coal  alone  is  only  a  small  fraction  of  the  operating 
expenses  of  a  road  at  best,  and  while  saving  in  that  respect  is  very 
desirable,  yet  the  absence  of  it  would  not  keep  back  tlie  introduc- 
tion of  electricity,  if  electricity  can  show  decided  ad  vantages  over 
the  present  method  of  operating  by  steam,  either  in  speeo,  safety, 
frequency  of  train  service,  cleanliness,  lessened  proportion  of 
dead  load  of  locomotive  and  train  to  passengers,  improved  meth- 
ods of  lighting,  heating  and  braking,  enhanced  facilities  for  hand- 
ling and  dispatching  trains,  general  attractiveness  to  passengers, 
or  \xi  any  otner  way. 

Mr.  Kennelly  has  well  said  that  the  transatlantic  steamship 
companies  have  found  high  speeds  to  pay  even  at  the  expense  of 
the  well  known  enormously  disproportional  increase  in  coal  con- 
sumption. We  can  readily  save  one-half  of  the  total  coal  con- 
sumed per  hour  by  our  modem  transatlantic  liners  by  running 
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at  a  speed  only  a  few  knots  less ;  or,  if  we  desire  to  economize 
still  further,  we  can  dispense  with  coal  altogether  and  crosn  the 
ocean  under  sail,  as  our  grandfathers  did  ben)re  us ! 

If  electric  energy  generated  at  power  stations  is  ever  to  be  ap- 
plied to  steam  railroad  work  for  long  distances,  and  of  this  I 
have  no  doubt  whatever,  it  is,  I  believe,  necessary  that  such  a 
sytems  shall  use  high  tension  alternating  transmitting  currents, 
converted  at  points  along  the  line  of  way  into  safe  lower-tension 
operating  currents,  either  alternating  or  direct,  preferably  the 
former,  and  fed  to  the  locomotives  in  this  converted  or  lower- 
tension  form,  as  I  stated  in  tlie  course  of  my  remarks  at  the  last 
meeting  of  the  Institutk.  The  introduction  of  electricity  upon 
steam  railroads  will  bring  about  new  traffic,  operating  and  eco- 
nomic conditions  that  are  now  scarcely  dreamed  of,  and  upon  these 
<!onditionH  its  superiority  and  commercial  success  will  depend. 

There  is,  to  my  mind,  no  form  of  energy  yet  discovered  that 
is  so  safe,  flexible  and  economical  and  so  well  adapted  for  pur- 
poses of  transmission  as  electricity,  whether  it  be  used  for  rail- 
way or  other  work.  It  has,  like  any  other  method  of  power 
transmission,  its  limitations;  but  these  limitations  are  by  no 
means  as  restricted  as  in  the  case  of  other  well  known  transmis- 
sion methods  with  which  we  are  familiar.  Nor  is  there,  so  far 
as  I  am  aware,  any  available  form  of  dored  or  portable  energy  that 
is  at  all  comparable,  weight  for  weight  or  bulk  for  bulk,  with  the 
mechanical  energy  latent  in  coal,  which  latter  is  now  used  as  the 
fiource  of  motive  power  on  steam  locomotives,  and  we  cannot  ac- 
cordingly hope  for  much  improvement  in  this  respect.  This 
<»oal  constitutes,  with  the  necessary  water,  tanks  and  converting 
plant  not  directly  required  for  tractive  weight,  a  very  large  per- 
centage of  the  dead  load  to  be  hauled  over  the  entire  road,  and 
contributes  largely  to  the  expense  of  starting,  running  and 
stopping  the  train.  If,  therefore,  any  advocate  of  portable  or 
stored  energy  in  the  shape  of  coal,  gas  or  petroleum,  or  some  pe- 
culiar form  of  chemical  energy,  or  any  other  primary  genemting 
agent,  or  the  discoverer  of  more  efficient  metnods  of  converting 
the  stored  energy  of  coal  into  mechanical  energy,  were  to  come 
to  me  with  claims  as  to  any  special  merits  or  utility  it  may  have 
over  existing  methods  as  a  source  of  power  for  railway  locomo- 
tion, I  should,  in  all  probability,  advise  him,  if  the  conditions 
were  at  all  favorable,  to  convert  his  power  into  the  form  of  elec- 
trical energy  at  a  fixed  station  and  transmit  it  over  a  small  and 
flexible  wire  to  the  cars  in  the  form  of  current,  rather  than  at- 
tempt to  carry  and  transform  it  into  motive  power  upon  the  train. 
If  the  amount  of  traffic  on  any  given  steam  road  can  be  made 
sufficient  to  justify  the  entire  equipment  of  a  long  distance  line 
electrically,  the  transmission  distance  can  be  easily  confined  with- 
in its  economical  limits  by  a  proper  location  of  generating  sta- 
tions. In  the  meantime,  there  is  no  reason  why  portions  of  the 
lines  on   which   a  reasonably   continuous  passenger  service    ia 
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handled  or  can  be  developed,  should  not  he  electrically  equipped, 
subsequently  extending  the  electric  service  to  other  trains  and 
thus  gradually  displacing  the  steam  locomotives.  What  we 
need  above  all  for  trunk  line  roads  is  a  sufficiently  high  trans- 
mitting electromotive  force  and  the  most  simple  and  efficient 
type  of  converters  and  motors.  This  much  provided,  the  re- 
mainder will  come  of  itself. 

I  will  now  return  again  to  the  conditions  as  they  exist  upon 
the  ^ew  York  elevated  railway  system.  There  we  find  that 
the  location  is  excellent  for  the  economical  generation  of  power 
near  the  water  front,  which  extends  practically  parallel  along  the 
whole  length  of  the  line  and  but  a  short  distance  from  it,  and  it 
would  be  a  simple  matter  to  put  up  two  or  more  generating  sta- 
tions for  supplying  the  line.  That  condition  is  better  than  would 
exist  in  the  case  of  most  long  distance  steam  roads  where  facili- 
ties for  the  economical  generation  of  power  could  not  be  so 
readily  had.  In  addition  we  have  the  advantage  of  the  short 
length  of  transmission,  which  renders  it  unnecessary  to  use  alter- 
natmg  or  converted  currents  of  any  type.  With  a  proper  pro- 
portioning of  the  stations,  it  seems  to  me  that  a  direct  current 
which  is  fed  to  the  working  conductor  at  a  net  electn>motive  force 
not  greater  than  600  volts,  would  do  the  work ;  and  in  that  con- 
nection it  seems  to  me,  after  carefully  considering  the  situation 
and  conditions,  that  in  order  to  get  the  best  and  most  economical 
results  on  a  road  such  as  the  New  York  elevated  railway  sys- 
tem, it  would  be  desirable  to  supplement  the  direct  line  distribu- 
tion by  means  of  secondary  batteries  of  comparatively  moderate 
capacity  carried  permanently  on  the  locomotives  oi  the  trains. 
At  a  meeting  of  the  American  Institute  of  Electrical  En- 
gineers, held  as  long  ago  as  October  9,  1888,  at  which  meeting 
I  had  the  honor  of  being  called  upon  to  open  the  discussion,  1 
had  the  pleasure  of  describing  briefly  a  combined  system  of  this 
kind  for  the  tirst  time,  which  events  since  then  have  proven  to 
be  founded  upon  the  correct  principles. 

This  auxiliary  battery  is  preferably  to  be  carried  on  the  motor 
car,  which  is  of  the  regulation  passenger  length  and  may  be  used 
as  a  smoking  car,  and  consists  of  a  numl)er  of  sections  which  are 
capable  of  being  connected  or  grouped  in  series  or  parallel  by 
means  of  a  simple  controller  switcn.  The  battery  sections  are 
normally  grouped  in  series  with  each  other  but  connected  in 

Earallel  with  the  motors  and  across  the  line,  when  the  motors  are 
eing  supplied  with  propelling  current  from  the  line,  so  as  to  pro- 
duce a  uniform  load  upon  the  power  station  and  take  care  of  the 
traffic  at  congested  points  or  points  that  are  likely  to  be  congested 
in  the  normal  operation  of  the  road,  by  maintaining  the  working 
potential  constant  at  distant  portions  of  the  line  that  may  be  sub- 
jected to  a  temporary  overload,  and  by  supplying  automatically 
any  sudden  increased  demand  made  by  the  motors.  These  bat- 
teries, however,  would  not  be  used  in  that  sense  entirely,  but  their 
importance  is  far  more  wide-reaching,  as  we  shall  presently  see. 
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There  is  a  great  deal  of  energy  lost  on  the  elevated  railwajr 
system,  for  example,  in  descending  grades  and  in  coming  to  a 
stop  at  stations,  the  stops  being  exceedingly  frequent  The- 
grades  there  are  much  steeper  and  more  numerous,  and  the  re- 
quirements of  rapid  transit  demand  more  rapid  acceleration  with 
quick  but  gradual  stops,  than  in  the  case  of  the  steam  railroads. 

Now  then,  by  dispensing  with  the  steam  locomotive  and  sub- 
stituting a  locomotive  which  we  will  say  consists  of  one  motor 
car  for  the  train,  the  motor  car  may  take  the  place  of  the- 
present  leading  car  so  as  to  avoid  increasing  the  length  of  the- 
station  platforms.  This  motor-car  we  will  assume  is  provided 
with  four  motors  placed  below  the  car  floor  and  each  geared  to 
its  own  axle  so  as  to  give  a  distributed  tractive  effect  due  to  eight 
driving  wheels,  the  force  of  which  is,  of  course,  supplemented 
by  the  weight  of  the  auxiliary  battery,  which  may  be  readily 
placed  under  the  seats  along  the  side  of  the  car  or  carried  upon 
the  truck. 

The  total  number  of  battery  cells  to  each  train  would  be  slightly 
over  one-half  of  the  number  of  volts  on  the  line,  and  the  cells  we 
will  assume  are  divided  into  four  groups  or  sections,  and  capable 
of  being  connected  in  series  or  parallel  by  means  of  a  special  con- 
trolling switch  used  in  the  ordinary  operation  of  the  train.  Now 
then,  when  a  train  is  descending  a  grade  or  coming  to  a  stop  at 
stations,  and  the  current  is  therefore  tio  longer  needed  for  its  pro- 
pulsion, the  connection  between  the  line  and  the  locomotive  is 
mterrupted  by  moving  the  controller  switch,  which  operation 
converts  the  motors  into  braking  generators  and  also  connects 
the  battery  sections  in  multiple  series  or  parallel  with  the  motor 
circuit  in  such  a  way  as  to  cause  the  battery  to  oppose  a  low 
coimter-electromotive  force  to  the  charging  current,  thereby  en- 
abling the  mechanical  energy  or  momentum  of  the  train  to  be 
converted  into  electrical  energy  almost  to  the  point  of  stopping, 
which  energy  is  absorbed  by  tlie  battery  to  be  given  out  again  by 
it  in  the  form  of  useful  power  whenever  required.  It  has  been- 
estimated,  that  of  the  total  amount  of  energy  developed  by  the 
steam  locomotives  on  the  Third  Avenue  elevated  railway,  59 
per  cent,  of  the  power  expended  on  a  round  trip  is  used  in  start- 
mg,  24  per  cent,  in  lifting,  and  only  17  per  cent,  in  traction. 
That  means  that  83  per  cent,  of  the  total  power  expended  upon 
the  elevated  railway  system  in  this  city  is  consumed  on  account 
of  stoppages  and  grades,  of  which  nothing  is  recovered,  but  on 
the  contrary,  the  waste  is  augmented  by  the  further  use  of 
steam  to  apply  the  bmkes.  If  we  can  reclaim  only  one-half,  or 
60  per  cent.,  of  this  wasted  energy  by  the  method  described, 
which  I  believe  by  this  plan  is  entirely  within  the  range  of  prac- 
tice, it  would  produce  a  very  great  saving  in  power  that  could 
not  be  accomplished  in  any  otlier  way,  and  in  this  manner  we 
would  get  the  benefit,  by  very  simple  and  reliable  means,  of  the 
most  economic  method  of  operating  these  roads  that  to  my  mind, 
can  possibly  be  conceived  of. 
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Although  the  cells  of  the  battery  are  just  sufficient  in  number 
to  develop  the  normal  line  electro-motive  foi-ce  when  the  sections 
are  connected  in  series,  their  size  or  current-capacity,  and  conse- 
<]uently  their  weight,  as  compared  with  an  ordinary  secondary 
oattery  car  equipment,  need  be  but  moderate  because  of  the 
ahnost  constant  accession  of  charging  current  and  the  compara- 
tively limited  supply  of  stored  power  which  this  system  would 
require,  whether  for  the  maintenance  of  a  uniform  station  load 
and  equalization  of  working  potential  over  the  entire  system,  or 
for  emergency  use.  The  storage  battery  to-day  is  a  far  more 
perfect  and  reliable  affair  than  it  was  eight  or  ten  years  ago,  and 
as  cells  are  now  made  that  are  capable  of  standing  a  heavy  euier- 
geney  discharge  without  injury,  it  is  entirely  practicable  to  equip 
the  motor-ear  with  reasonably  light  weight  cells  having  a  capacity 
sufficient,  if  need  be,  to  not  only  permit  the  train  to  make  a  com- 
plete round  trip  under  full  load  without  any  aid  whatever  from 
the  power  stations,  80  as  to  keep  the  line  going  in  case  of  any 
accident  or  temporary  shut  down  at  the  power  house,  but  also  to 
take  entire  care  of  its  own  train  for  shorter  periods  on  certain 
sections  of  the  line  during  the  hours  of  heaviest  traffic.  The 
battery  in  such  case  will  have  been  previously  charged  during  the 
hours  of  light  travel,  while  grouped  in  series  and  connected  across 
the  line  in  parallel  with  the  motors  during  the  usual  operation  of 
the  train,  or,  in  the  case  of  "extra"  trains,  during  the  time  the 
latter  are  at  rest.  This  charging  process  just  referred  to,  relates 
entirely  to  the  "  main  "  charging  m  cases  where  it  is  desirable  to 
run  certain  trains  during  busy  hours  entirely  or  almost  entirely 
by  their  own  battery  power,  as  on  branches  or  portions  of  the 
line  remote  from  the  power  station,  or  on  the  middle  express 
service  tracks  (which  latter  in  the  case  under  consideration,  it 
might  be  desirable  to  leave  unequipped  with  supply  conductors 
because  of  the  frequent  occurence  of  switches,  crossovers,  and 
turnouts,)  on  which  few  or  no  stops  are  made  after  the  train  is 
once  under  way.  In  fact,  all  batteries  intended  for  such  service 
would  receive  their  "  main"  charge  during  the  intervals  of  light 
travel,  while  these  as  well  as  all  the  other  batteries  on  the  line 
would  receive  their  normal  or  "maintenance"  charge  automati- 
cally, according  to  circumstances,  from  the  line  or  from  the 
motors  when  the  latter  are  acting  as  braking  generators  as  I  have 
already  described.  A.ny  overcharge  of  the  battery  occurring 
under  the  last  named  condition,  such  as  might  take  place  on  a 
long  down  grade,  during  which  the  acqnirea  speed  of  the  train  is 
checked  or  maintained  constant  by  the  conversion  of  its  surplus 
energy  into  stored  electrical  power,  is  of  an  advantage  in  that  it 
is  practically  given  back  to  the  line  when  the  battery  is  a.i>ain 
connected  in  series,  which  battery  will  for  the  time  being  act 
much  in  the  same  manner  as  a  booster  to  the  line  and  its  feeders 
until  it  has  again  reached  its  normal  charged  condition.  In  other 
words,  the  batteries  when  arranged  as  I  have  pointed  out,  will  not 
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only  conserve  the  energy  that  is  now  so  largely  wasted  in  the 
Operation  of  the  elevated  railways  by  steam  or  eveu  by  any  ordi- 
nary direct  electrical  method,  but,  by  continually  and  automatic 
cally  giving  and  taking  energy,  they  ensure  a  steady  and  uniform 
electncal  pressure  over  the  whole  line,  and  relieve  tlie  machinery 
at  the  power  station  from  injurious,  unequal  and  fluctuating  loads, 
permitting  of  a  comparatively  small  installation  that  will  generate 
the  average  load  continuously  under  the  most  efticient  and  the  best 

f possible  conditions,  a  desideratum  the  importance  of  which  was 
ully  and  ably  dwelt  upon  in  the  inaugural  address  of  Dr.  Duncan, 
delivered  before  this  Institdte  last  month.  For  the  same  reasons, 
as  was  also  pointed  out,  the  cost  of  feed  wires  can  be  very  con- 
siderably reduced  since  they  are  called  upon  to  carry  only  the 
average  load,  or  I  may  say  less  than  the  average  load,  since  any 
sudden  or  constant  increase  of  current  that  may  be  needed  is  in- 
stantly supplied  by  the  battery  of  the  train  at  the  very  po  'nt 
where  it  iif  needed  and  without  any  additional  loss  in  transmission, 
and  since  a  large  part,  probably  one-third,  of  the  total  energy  re- 
quired in  the  operation  of  the  system  is  jxroduced  and  generated 
upon  the  train  itself. 

The  employment  of  an  auxiliary  secondary  battery  upon  a  car 
or  train  in  combination  with  a  line  conductor,  of  which  I  believe 
I  was  the  originator,  having  taken  out  basic  patents  on  this  com- 
bination and  method  of  operation  as  far  back  as  1&86,  has  many 
important  advantages  in  addition  to  those  mentioned,  that  can 
only  be  fully  appreciated  when  it  is  given  a  thorough  trial  on  a 
road  such  as  the  one  under  discussion,  where  the  conditions  are 
particularly  favorable  to  a  combined  system  of  this  character. 
Not  the  least  of  the  advantages  is  that  aside  from  its  regulating, 
governing  and  conserving  qualities,  the  battery  can  be  called  upon 
in  cases  of  necessity  for  a  very  considerable  amount  of  ret^erve 
energy  of  its  own,  independent  of  any  aid  from  the  power  sta- 
tion or  line,  a  fact  that  will  be  appreciated  by  the  management 
of  a  railway  system  which  is  almost  the  sole  dependence  for  tran- 
sit of  over  half  a  million  passengers  daily,  the  bulk  of  whom  re- 
quire to  be  carried  in  the  course  of  only  a  few  hours.  As  a  mat- 
ter of  fact,  all  the  advantages  of  both  the  secondary  batterv  and 
line  conductor  systems  of  operation  are  obtained  by  this  combined 
method,  without  the  defects  of  either  system  taken  by  its€»lf. 
The  first  cost  of  the  necessary  batteries  will  be  less  than  the  sav- 
ing effected  by  them  in  station  plant  and  feeders  alone,  while  the 
economy  in  operation  will  be  enormously  increased.  The  battery 
of  each  train  will  be  available  for  the  purpose  of  electrically 
lighting  and  heating  the  cars  independently  of  continued  connec- 
tion with  the  line,  fluctuation  in  voltage  being  prevented  by  per- 
manently connecting  and  supplying  the  lighting,  heating  and 
other  train  service  circuits  from  the  separate  individual  groups  of 
cells  so  that  the  change  from  series  to  parallel  connection  of  the 
battery  sections  will  have  practically  no  effect  upon  the  normal 
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voltage  of  these  circuits.  By  this  arrangemeDt  also,  a  lower  and 
more  desirable  voltage  may  be  used  for  supplying  the  lamps, 
heaters,  etc.,  than  in  cases  where  they  have  to  be  placed  in  sene9 
directly  across  the  line.  Even  the  motors  themselves  may  be 
operated,  should  occasion  require,  in  parallel  or  series-parallel 
from  the  batteries.  As  the  battery  is  a  fixture  upon  the  train,  it 
does  not  require  removal  or  handling,  and  the  expensive  duplica- 
tion of  cells  for  charging  purposes  required  in  ordinary  secondary 
battery  car  work  is  entirely  done  away  with.  Furthermore,  ow- 
ing to  the  fact  that  the  cells  are  almost  continually  kept  up  to 
their  normal  charged  condition  by  accession  of  current  from  the 
line  and  motors,  the  current  capacity  of  the  cells  that  are  em- 
ployed can  be  correspondingly  diminished,  so  that  the  total  cost 
on  account  of  battery  equipment  can  l)e  vastly  reduced  as  com- 
pared with  that  of  an  independent  battery  installation  in  which 
a  six  to  eight  hours'  current  supply  must  be  provided  for.  It  ia 
needless  for  me  to  add  tijat  sucli  a  system  as  I  have  described  is 
to-day  not  only  quite  practicable  for  roads  like  the  New  York 
elevated,  but  that  it  would  wonderfullv  enhance  and  improve 
the  service  and  facilitate  the  handling,  dispatching  and  running 
of  trains,  and  this  at  a  very  material  and  almost  incredible  saving 
over  the  existing  steam  locomotive  system. 

Mb.  F.  W.  Darlington  : — In  connection  with  transmission  on 
electric  roads,  it  seems  to  me  that  two  classes  of  problems  have  to 
be  solved  -  ordinary  trolley  systems  operating  single  light  cars — 
large  trolley  systems  such  as  the  New  York  elevated,  operating 
trams  with  heavier  cars — and  the  reo^ular  steam  railroads.  The 
difference  between  the  elevated  roads  and  the  steam  railroads  is 
simply  that  in  the  case  of  the  elevated  road,  it  is  a  large  trolley 
road  in  that  it  has  frequent  stops ;  though  not  so  frequent  as  ou 
the  surface,  but  still  the  problem  in  a  measure  is  the  same.  It 
seems  to  me  that  the  solution  under  experiment  on  the  Third 
Avenue  elevated  road  with  storage  batteries  will  not  produce 
any  results  directly  applicable  to  the  other  problems.  On  the 
elevated  road  the  trains  are  running  under  momentum  part  of 
the  time,  and  part  of  the  time  tliey  are  accelerating  their  speed 
as  rapidly  as  possible.  For  the  conditions  existing  on  the  elevated 
roads  it  may  be  possible  to  charge  the  storage  battery  suflSciently 
during  the  time  of  running  with  momentum,  to  supply  the  train 
with  all  that  it  will  demand  at  other  times.  When  you  come  to 
steam  railroad  conditions,  however,  you  have  the  condition  for 
express  trains ;  that  power  is  put  on  and  stays  on  during:  an  en>- 
tire  run  over  a  section.  Take,  for  example,  the  ''New  York  and 
Chicago  Limited"  over  the  Pennsylvania  Railroad  ;  it  runs  from 
Philadelphia  to  Harrisburg  without  a  stop.  There  thev  change 
engines  and  make  another  long  run,  and  during  the  time  it  ift 
running,  if  it  is  supplied  from  a  central  power  station  electrically^ 
the  power  taken  will  l)e  practically  the  same  during  the  whole 
run.     This  we  have  demonstrated  on  the  Burlington  and  Mt. 
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Holly  branch  of  the  Pennsylvania  Railroad  Companv  in  New 
Jersey.  They  have  considerable  grades  there.  We  found  that 
the  indicator  on  the  ampere  meter  at  starting  the  train  would 
jump  to  a  certain  point  and  fall  gradually  while  the  train  makes 
a  run  over  the  entii'e  road  (in- proportion  to  the  speed  at  first) — 
hut  after  it  gets  speed,  its  maximum  speed,  the  indicator  Mrill 
remain  practically  constant  independent  of  the  grades.  This  Ib 
because  the  speea  is  varied  on  the  grades,  the  train  going  slower 
up  hill  than  down,  but  calling  for  an  even  supply  of  power  To 
sucli  a  problem  as  this  it  seems  to  me  the  storage  battery  (while 
at  first  thought  I  was  struck  with  the  beauty  of  the  solution  pro- 
posed for  the  elevated  road)  will  be  of  no  use  however,  and  one 
other  thing  in  connection  with  the  work  over  there  that  applies 
to  the  problem  of  changing  over  from  steam  to  electricity  is  the 
ability  to  get  up  speed  rapidly.  The  road  there  is  1%  miles  long ; 
the  last  three-quarters  of  a  mile  of  it  are  so-called  "yard  limits," 
counting  from  the  Burlington  end.  The  distances  are  all  laid 
off  by  mile  posts.  Starting  out  from  Burlington,  in 
six  miles  we  have  obtained  a  speed  of  72  miles  an  hour 
and  maintained  it  for  three  miles,  and  slowed  up  again 
80  as  to  have  the  train  under  control  by  the  time  we  reached  the 
yard  limits,  six  miles  and  a  quarter.  1  am  confident  that  no  loc- 
omotive on  that  division  of  the  Pennsylvania  Railroad  can  do 
that  with  an  ordinary  light  train  and  on  those  grades.  Another 
time  we  started  on  a  two  per  cent,  grade  with  a  train  of  cars 
making  the  total  train  load  two  and  a  half  times  what  the  motors 
were  calculated  for,  at  a  point  three-quarters  of  a  mile  from  a 
mile  post  which  is  located  at  the  top  of  the  grade  and  then  prac- 
tically level.  We  made  that  first  mile,  from  mile  post  to  mile 
post,  at  the  rate  of  48  miles  an  hour.  With  these  results  and  the 
ability  of  motors  to  start  a  train  quickly,  it  appears  to  me  that 
this  problem  of  the  substitution  of  the  electric  motor  for  the 
steam  locomotive  is  not  so  far  off  as  it  has  been  pictured  to-night. 
Of  course,  the  whole  problem,  so  far  as  I  can  see,  resolves  itself 
into  the  method  of  transmission  of  power  from  the  generator  to 
the  line.  This  point  has  not  been  solved  yet.  It  of  course  in- 
cludes the  ujethod  of  collecting  the  current.  The  third  rail  seems 
to  be  a  good  thing  if  it  could  be  used  and  be  safe,  but  we  have 
made  that  72  miles  an  hour  with  an  ordinary  overhead  trolley 
wire  with  very  little  trouble.  I  am  very  much  interested  in  the 
solution  of  the  problems  that  are  under  way  at  the  present  time, 
and  I  think  that  line  being  built  between  Baltimore  and  Wash- 
ington is  going  to  give  us  some  very  practical  results  in  the  method 
of  long  distance  work.  In  the  matter  of  grades — we  must  re- 
member, in  first  attempting  steam  railroad  work,  that  our  con- 
ditions for  high  speed  work  are  practically  the  same  as  for  steam 
railroads.  In  laying  out  new  roads,  grades  and  sharp  curves  must 
be  eliminated  if  we  want  to  obtain  high  speed. 
[Adjourned  ] 
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Discussion  Continued  in  Chicago,  Octobkr  2'^th. 

(Mr.  F.  E.  Drake  in  the  Chair.) 

Mr.  n.  M.  Brinckekhofp: — In  a  general  way  it  may  be 
stated,  tiiat  the  only  methods  of  electric  traction  that  have  so  far 
demonstrated  their  ability  to  perform  sucli  work  as  would  be  re- 
<juired  on  surface  steam  railroads  are  some  modification  of  tlie 
much  abused  trolley  system.  This  may  take  the  form  of  an 
overhead  contact  or  of  a  third  rail ;  but  the  principle  of  a  continu- 
ous conductor  fed  from  a  central  station  with  a  direct  current  of 
from  500  to  700  volts,  is  common  to  all. 

We  have  an  example  of  the  overliead  arrangement  on  a  large 
scale  in  the  Baltimore  and  Ohio  tunnel  equipment  at  Baltimore. 
There  they  are  hauliug  probably  the  heaviest  train  units  ever 
successfully  handled  electrically,  and  are  in  fact  doing  the  work 
of  the  largest  steam  locomotives,  under  strictly  steam  railway  con- 
xiitious.  This,  of  course,  does  not  allow  of  the  best  economy  be- 
ing obtained,  but  it  demonstrates  the  ability  of  electric  motors  to 
do  even  this  extremely  heavy  class  of  work. 

In  order  to  supply  the  large  amount  of  current  required  on 
this  system,  the  overhead  contact  arrangement  used  is  necessarily 
heavy,  and  hence  expensive.  The  cost  of  this  particular  form 
must  be  so  high  as  to  make  it  unavailable  for  lines  of  any  great 
length. 

The  N.  Y.,  N.  H.  and  H.  R.  R.,  on  their  Nantasket  Beach 
line,  have  successfully  operated  an  overhead  system,  the  trolley 
wire  used  being  of  a  pear  or  figure  8  cross-section,  the  same  as 
that  used  on  Clark  Street,  in  this  city. 

The  difficulty  experienced  here  was,  I  believe,  in  keeping  the 
trolley  on  at  high  speeds,  and  that  this,  with  other  considerations, 
has  proved  a  drawback  is  emphasized  by  the  fact  that  this  road 
is  now  experimenting  with  a  third  rail  system. 

Other  companies  might  be  mentioned  which  are  running  lines 
with  a  few  cars  as  they  say  "  experimentally."  These,  however, 
are  sufficient  to  show  that  a  genuine  effort  is  being  made  by  steam 
railway  managers  to  get  at  the  facts  as  to  whether  there  is  any 
economy  to  be  gained  by  the  substitution  of  electricity  for  steam 
on  some  of  their  lines. 

In  elevated  railway  work  we  have  the  Metropolitan  elevated 
railroad  operating  a  third  rail  system  on  about  14  miles  of 
double  track  and  handling  1,200  trains  per  day. 

The  Lake  Street  elevated  has  been  changed  from  a  steam  to  an 
electric  road,  using  the  same  equipment  as  the  Metropolitan. 

The  North  Western  elevated  railroad,  now  building  on  the 
north  side  of  the  city,  is  to  be  equipped  electrically,  and  the 
*' Alley  L,"  now  operating  by  steam,  will  in  all  probability  fol- 
low suit.  Thus  we  will  have  in  the  near  future  the  whole  ele- 
vated railroad  system  of  Chicago  run  on  a  uniform  third  rail 
plan,  giving  the  finest  service  of  the  kind  in  the  world. 
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I  have  read  some  accounts  of  an  experiment  now  being  tried 
on  the  34th  Street  branch  line  of  the  Manhattan  elevated  rail- 
road in  New  York,  in  which  storage  batteries  are  carried  on  the 
cars  to  act  as  an  auxiliary  to  a  third  rail.  The  object  is,  I 
believe,  to  have  the  batteries  help  to  maintain  the  voltage  toward 
the  end  of  the  line,  haul  the  cars  in  case  of  failure  of  the  main 
power  station,  and  also  reduce  the  sudden  loads  on  the  generating 
machinery.  This  strikes  me  as  an  unnecessary  complication,  and 
I  do  not  see  why  the  advantage  claimed  could  not  be  gained 
from  a  stationary  battery  suitaWy  located. 

Having  now  run  hastily  over  the  various  systems  that  are  at 
present  in  operation,  and  using  them  as  a  basis  for  our  judg- 
ment, let  us  consider  what  changes  or  modifications  shonid  be 
made  in  them  to  meet  the  requirements  of  surface  work. 

In  the  first  place,  in  proposing  to  install  an  overhead  system 
we  are  met  by  the  following  objections : 

1.  The  danger  to  employes  and  passengers  caused  by  poles 
between  the  tracks. 

2.  The  expense  of  an  overhead  construction. 

3.  The  dimcultv  of  maintaining  contact  at  high  speeds. 

In  the  matter  of  danger  to  employes,  the  fact  is  that  in  yards 
where  there  is  often  a  complicated  set  of  switches,  the  presence 
of  poles  placed  at  irregular  intervals  would  l»e  a  great  menace  to 
trammen  and  switchmen  in  making  up  trains.  Frequently  hav- 
ing to  do  the  work  at  night,  and  l)eing  obliged  to  jump  on  and 
off  the  ears  at  all  times,  collisions  with  the  poles  in  these  yards 
would  be  almost  unavoidable. 

I  have  talked  with  yardmen,  switchmen  and  trackmen,  who 
work  about  some  of  the  large  railway  yards  in  this  city,  and  thej 
all  seem  to  feel  that  the  presence  of  poles  would  be  a  source  of 
danger  to  them  in  doing  their  work. 

As  to  the  expense  ot  an  overliead  construction,  the  difBcultv 
arises  in  supplying  the  large  starting  currents  required  in  this 
class  of  service.  Not  only  must  the  conductor  have  a  large  crosa- 
sectional  area,  but  the  surface  contact  with  the  device  on  the  car 
must  be  large  to  prevent  burning  at  tlie  points  of  contact.  Thia 
of  course  means  a  heavy  pole  construction  which  runs  up  the 
first  cost. 

The  diflSculty  of  maintaining  contact  at  high  speeds,  particu- 
larly where  crossings  must  be  made,  is  one  which  will  have  to  be 
overcome  by  some  radical  departure  from  present  methods,  such 
as  the  trolley  wheel  and  pole. 

Some  of  the  objections  to  a  third  rail  system  in  surface  lines 
are  as  follows : 

1.  Danger  to  employes,  particularly  in  yards,  from  the  bare 
rail. 

2.  Danger  to  public  at  grade  crossings. 

3.  Danger  to  passengers  where  platforms  are  used  on  a  level 
with  the  track. 
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1.  In  judging  of  the  danger  to  emplojeR,  I  think  we  can  get 
a  good  basis  for  an  opinion  from  the  experience  on  the  Metro- 
politan elevated,  which  has  been  operating  a  third  rail  system  for 
more  than  a  year  and  a  half.  Tne  work  we  do  in  the  yards  is 
practically  the  same  as  that  required  on  surface  lines ;  switching 
and  making  up  trains,  etc.,  much  of  this  having  to  be  done 
quickly  ana  at  night.  In  addition  we  do  such  light  repair  work 
as  is  required  on  the  trucks  and  brakes — removing  and  replacing 
brake  shoes,  often  with  the  bare  contact  rails  withm  a  few  inches 
of  the  work. 

I  have  looked  over  our  accident  reports,  which  are  very  com- 
plete and  include  every  mishap,  however  trifling,  and  in  the  time 
we  have  been  in  operation  we  have  had  scarcely  any  men  burned 
or  injured  by  the  trolley  rail  in  the  yards,  and  such  accidents  as 
have  occured  have  been  of  a  trivial  nature. 

The  danger  to  the  public  at  the  grade  crossings  could  be  ehmi- 
nated  by  omitting  the  contact  rail  at  such  points,  and  providing 
for  contact  by  placing  a  set  of  shoes  on  tne  passenger  coaches, 
and  carrying  a  sufliciently  heavy  wire  througli  the  train  to  sup- 
ply the  motors  as  well  as  tne  heaters  and  lights. 

In  this  way  such  crossings  as  we  have  in  Chicago  which  range 
from  66  to  80  or  100  feet  in  width  could  be  spanned  without 
losing  contact.  Additional  safety  could  be  gained  by  having  a 
section  of  the  contact  rails  on  either  side  of  the  crossing  normally 
out  of  circuit,  and  thrown  in  automatically  either  by  the  approach- 
ing train  or  by  the  guard  gates. 

3.  The  danger  to  passengers  could  be  best  eliminated  by  eleva- 
ting the  platforms  which  would  have  the  additional  advantage  of 
shortening  the  length  of  stops,  and  materially  improving  the  ser- 
vice. With  our  elevated  platforms,  passengers  have  no  occasion 
to  go  upon  the  tracks,  and  those  who  clo  venture,  seem  to  take  very 
great  care  to  avoid  the  "deadly  trolley." 

In  a  general  way  I  do  not  see  that  there  are  any  insurmountable 
obstacles  in  the  way  of  installing  an  electric  system  on  surface 
steam  railroads  following  either  the  line  of  an  overhead  trolley 
or  third  rail  system. 

With  such  experience  as  we  now  have,  by  giving  proper  con- 
sideration to  details  and  the  requirements  of  the  service,  we 
should  be  able  to  design  a  system  that  would  give  very  satisfac- 
tory results. 

The  question  whether  it  should  be  a  third  rail,  overhead  trolley 
or  storage  battery  is  simply  a  matter  to  be  decided  by  the  conditions 
on  the  particular  system  considered,  and  a  careful  estimate  of  first 
cost  and  maintenance. 

It  is  hardly  necessary  to  state  that  to  get  the  maximum  economy 
from  an  electric  installation  it  would  be  necessary  to  change  the 
whole  method  of  handling  trains  on  steam  roads  by  breaking  up 
the  train  units.  This  hauling  of  a  large  number  of  smaller  trains 
at  more  frequent  intervals,  limits  us  at  present  to  systems  having 
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A  heavy  suburban  traffic  where  such  a  change  would  improve  the 
service,  besides  accomplishing  again  in  the  economy  of  operation. 

That  a  system  of  electric  traction  can  be  so  installed  to  meet 
the  requirements  of  the  heaviest  suburban  service,  I  do  not  for  a 
moment  doubt.  As  to  wliether  the  gain  in  economy  over  steam 
will  be  sufficient  to  offset  the  additional  interest  charges  on  the 
cost  of  equipment  will  depend  upon  the  local  conditions,  and  the 
judgment  and  skill  used  in  equipping  to  meet  those  conditions. 

I  have  limited  myself  in  these  remarks  to  such  systems  as  are 
now  in  practical  use  and  to  such  lines  of  work  as  our  present 
apparatus  seems  capable  of  handling,  and  leave  to  those  more  ac- 
customed to  theorizing  the  wider  tield  of  possible  future  develop- 
ments. 

Prof.  Stine: — Have  you  any  data  at  command  with  regard 
to  the  cost  of  operating  the  road  ? 

Mr.  Brinckkrhoff : — I  am  not  in  a  position. to  give  you  the 
exact  cost  of  operating,  but  it  isconsideral)ly  lower  than  steam,  as 
is  shown  by  the  fact  that  the  various  railways  about  Chicago  are 
going  into  the  third  rail  system,  such  as  the  Lake  Street  elevated, 
and  other  roads  that  contemplate  building. 

Mr.  M.  ( '08TER : — Mr.  Brinckerhoff's  remarks  are  very  inter- 
esting. I  will  state  to  you  what  I  think  will  be  the  future  of  the 
electric  locomotive  in  this  country.  I  think  we  shall  not  see,  in 
our  time,  any  electric  locomotives  applied  to  cross-country  ser- 
vice. They  will  be  used  chiefly  for  tMiburban  service — running 
light  trains  at  frequent  intervals. 

The  advantages  of  the  alternating  current  motor  are  going  to 
solve  the  problem.  With  the  polyphase  motor,  we  shall  be  able 
to  carry  high  tension  alternating  currents  over  long  distances,  and 
change  to  very  low  tension  for  short  distances,  and  so  be  able  to 
use  the  third  or  fourth  rail  with  great  success.  Thus  we  could 
use  a  very  low  potential.  I  look  forward  to  the  time  in  the  near 
future  when  the  alternating  current  motor  will  replace  the  direct 
current  motor  for  street  railway  work. 

Mr.  VV.  D.  Ball: — I  would  like  to  ask  a  question  regarding 
the  subject  before  us  to  night. — Is  cross-country  service,  or  su- 
burban service,  the  exact  topic  under  discussion  ? 

Prof.  Stine: — The  discussion  at  New  York  took  up  the  whole 
territory,  not  only  urban  and  suburban,  but  interurban  and  cross- 
country. Anywhere  that  we  have  traffic  operated  under  steam 
railway  conditions,  the  discussion  covers. 

Mr.  Ball: — I  rather  agree  with  the  last  speaker,  Mr.  Coster, 
in  both  positions  that  he  takes,  that  we  shall  not  for  the  present 
see  the  cross-country  railroads  operated  by  electricity,  and  also 
that  we  shall  see  some  developments  from  the  alternating  current 
motor.  The  great  difficulty  has  been  the  trouble  in  obtaining 
starting  torque,  and  it  is  a  problem  which  has  been  worked  on  for 
three  or  four  years.  The  General  Electric  Company,  last  spring, 
imnounced  that  they  had  solved  the  problem  for  street  railwaya. 
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Their  idea  was  to  put  in  a  condenser  to  counteract  self-induction, 
changing  the  capacity  of  the  condenser.  This  was  found  im- 
practicable, so  they  put  in  an  extra  self-indnction,  and  varied 
that.  I  have  been  unable  to  get  any  exact  data,  bnt  i  believe  that 
was  the  idea. 

As  to  the  problem  of  interurban  service,  I  have  come  to  the 
conclusion  that,  according  to  the  present  developments,  it  is  im- 
possible for  us  to  hope  for  anything  in  the  near  future.  The 
DCPt  thing  we  can  do,  perhaps,  is  to  transmit  high  tension  alter- 
nating currents  over  great  distances,  and  then  transform  down. 
If  we  have  a  perfected  polyphase  motor  and  controller  we  can 
use  40  to  50  volts  on  the  third  rails,  or  we  can  use  rotary  trans- 
formers and  continuous  currents.  The  latter  is  not  simple  and  is 
expensive.  It  is  necessary  to  have  tlie  transformer  nearly  the 
size  of  the  original  machine,  that  is  within  50  per  cent.  We  see 
that  the  transmission  systems  at  present  are  limited  to  50  or  75 
miles,  at  a  voltage  of  15,000  to  '20,000.  Now,  if  we  wish  to 
transform  this  into  direct  current,  we  would  have  to  put  rotary 
transformers  in  every  10  or  15  miles  perhaps,  and  transmit  at  500 
to  700  volts.  Keducing  the  voltage  by  a  static  transformer  to 
600  volts,  and  putting  in  a  rotary  transformer  would  give  you  a 
continuous  current  at  700  volts.  If  we  must  have  a  station 
every  hundred  miles,  and  sub-stations  every  fifteen  or  twenty 
miles,  it  is  hardly  possible  to  do  it  with  any  degree  of  economy, 
as  compared  with  steam. 

The  only  point  in  favor  of  electricity  in  interurban  service 
seems  to  me  to  lie  in  the  abating  of  the  smoke  nuisance.  In  that 
way,  it  would  be  a  great  l)oon  to  humanity  to  put  in  electricity, 
but  as  to  the  economy  of  it,  at  the  present  development,  I  do  not 
see  how  any  saving  can  be  worked  out,  and  unless  that  can  be  ac- 
com|)lished,  the  steam  railroads  will  certainly  not  adopt  the  system. 

For  cases  like  that  of  the  Baltimore  tunnel,  there  is  a  great 
jSeld  for  electricity,  as  well  as  for  urban  surface  and  elevated 
roads. 

I  rather  lean  to  the  opinion,  that  for  surface  roads  the  third 
rail  system  would  be  dangerous,  especially  to  the  ignorant  public, 
and  that  we  had  better  stick  to  the  small  unit  and  overhead  sys- 
tem until  we  get  some  perfected  battery  system,  but  for  elevated 
roads  it  is  undoubtedly  the  best  system  we  have.  To  sum  up, 
thfi  solution  for  interurban  heavy  traffic  is  not  found  unless  it 
be  in  the  direct  conversion  of  coal  into  electricity,  with  some 
such  scheme  as  Mr.  Jacques's  battery. 

Mr.  J.  R.  Cravath  : — The  only  place  where  we  can  look  for- 
ward to  any  immediate  invav^ion  of  electricity  in  the  steam  railroad 
field  is  in  suburban  service.  There  is  where  the  wedge  is  enter- 
ing at  present,  as  we  see  in  the  case  of  the  Nantasket  Beach  road 
which  IS  practically  a  suburban,  or  rather,  a  summer  resort  ser- 
vice. In  order  to  get  the  advantages  of  electricity  to  the  fullest 
extent  for  steam  railroad  work,  the  steam  road  must  change  its 
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methods  of  oper|g;iDg  by  cutting  up  its  trains.  Trains  must  be 
short,  not  only  for  the  purpose  of  making  the  operation  economi- 
cal electrically,  as  previously  mentioned  here,  but  also  for  the 
purpose  of  giving  the  public  better  service,  and  more  frequent 
service,  especially  during  the  liours  of  light  load,  and  in  that  way 
competing  with  the  street  lines.  The  latter  is  going  to  be  (or  at 
least  ought  to  be)  the  very  best  argument  in  favor  of  the  use  of 
electricity  in  the  minds  of  steam  road  oflScers  who  are  consider- 
ing the  question.  On  the  suburban  service  of  the  Illinois  Cen- 
tral, we  all  know  the  conditions  are  probably  as  favorable  to  the 
ap|)lication  of  electricity  as  on  any  steam  road  in  this  city.  Elec- 
trical engineers  are  sometimes  apt  to  think  of  steam  road  men  as 
too  conservative.  However,  from  conversation  with  them,  I 
think  steam  railway  engineers  seem  to  be  very  much  inclined  to 
meet  electrical  engineers  half  way  in  this  matter.  They  have 
not,  however,  found  anything  when  they  looked  up  electrical 
matters  which  seemed  to  fit  their  case  exactly.  For  example, 
suppose  the  Illinois  Central  road  should  decide  to  adopt  elec- 
tricity for  suburban  traffic,  what  would  we  have  to  offer  them 
that  would  perform  their  service  in  a  satisfactory  manner? 
There  is  the  third  rail  system,  but  we  have  not  decided  yet  by 
experiment  exactly  the  best  form  of  third  rail  or  the  best  position 
for  it,  or  the  best  way  of  insulating  and  protecting  it,  or  the  best 
arrangement  of  it  for  switches,  crossings  and  other  special  work. 
That  these  things  will  be  perfected  soon  there  is  no  doubt,  but 
we  are  not  there  yet.  The  overhead  trolley  for  such  a  system 
as  the  Illinois  Central  is  considered  out  of  the  question,  I  l)elieve, 
by  the  engineers  of  that  road,  and  they  are  probably  right,  be- 
cause of  the  large  contact  necessary  for  such  heavy  currents,  the 
difficulties  of  high  speed  at  overhead  switches  and  trouble  from 
trolley  coming  off  at  high  speeds  on  curves,  to  say  nothing  of 
the  trouble  in  switching  at  terminals. 

I  would  like  to  ask  Mr.  Brinckerhoff  what  is  his  opinion  as  to 
the  best  position  for  the  third  rail  if  used  on  a  surface  steam 
road — between  the  tracks,  as  on  the  Liverpool  elevated  and 
Nantasket  Beach   road,  or  as  on  the  elevated  roads  in  this  city. 

Mr.  Brinckerhoff  : — That  point  was  carefully  considered  be- 
fore equipping  the  Intramural  and  again  in  cormection  with  the 
Metropolitan  Elevated.  The  objections  to  placing  the  conductor 
rail  between  the  running  rails  are  as  follows : 

The  clearance  between  the  top  of  running  rails  at  crossinffs,  and 
the  underside  of  the  motors,  brake  beams,  etc.,  is  so  small  as  to 
make  it  difficult  to  properly  sup])ort  and  insulate  the  contact  rail. 
Any  part  of  the  running  gear  or  brake  rigging  falling  down  or 
even  sagging,  will  short  circuit  your  system  with  this  arrangement. 
Again  at  crossings,  particularly  where  there  are  slip  switches  such 
as  we  have  in  our  four  track  combinations,  it  would  be  very  diffi- 
cult to  maintain  continuous  contact.  For  convenience  and  safety 
in  coupling  and  working  on  the  truck  brakes,  etc.,  an  inside  rail 
is  very  objectionable. 
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For  the  above  reasons  we  have  placed  our  rail  on  the  outside 
of  the  track,  wliich  allows  of  sufficient  height  being  taken  to  put 
in  a  substantial  and  efficient  insulating  support,  and  reduce  the 
risk  of  short  circuit  from  dangling  brake  chains,  etc. 

Mr.  Chas.  L.  Brown  : — From  first  appearances  the  complica- 
tions that  have  arisen  on  the  Nantasket  Beach  line  seem  rather  for- 
midable. I'heir  presence  seems  unnecessary  on  a  new  line,  unless 
they  intend  it  as  a  purely  experimental  one.  The  third  rail  appears 
to  be  the  future  system,  certainly  for  elevated  roads;  and  as  Mr. 
Brinckerhoff  has  shown  us,  it  is  in  favor  for  surface  roads,  on 
account  of  the  danger  being  less  than  with  the  overhead  con- 
struction. His  method  of  getting  over  grade  crossings  is  a  good 
one,  although  it  is  dependent  upon  the  length  of  the  trains,  and 
the  locomotive  or  motor  car  alone  would  be  unable  to  cross  with- 
out a  trolley.  1  am  firmly  of  the  conviction,  however,  that  means 
will  be  found  to  enter  station  limits  and  grade  crossings  with  per- 
fect safety  and  without  the  use  of  the  trolley.  In  regard  to  the 
alternating  current  motor :  I  noticed  that  Dr.  Duncan  recently 
said  that  after  ten  years  of  searching  we  are  still  looking  for  the 
successful  single  phase  alternating  current  motor  for  railway 
work.  From  what  we  have  just  heard  and  from  information  to 
be  obtained  in  other  quarters,  we  may  look  to  the  polyphase 
motor  with  its  lower  voltages  and  consequent  less  danger,  for  the 
future  development  in  railway  work.  In  regard  to  the  Illinois 
Central  railroad,  perhaps,  the  main  difficulty  is  m  securing  a  suffici- 
ently firm  overhead  contact  for  the  work  required ;  but  on  the 
whole  I  should  say  the  conditions  were  ideal  for  either  system  of 
electric  traction,  iteferring  to  the  question  of  torque  raised  by  Mr. 
Ball,  there  can  l)e  no  general  expression  connecting  the  starting 
and  running  torque  of  direct  and  alternating  current  motors.  It 
is  a  question  of  design,  and  as  the  motor  referred  to  by  Mr.  Coster 
will  give  at  starting  from  five  to  six  times  the  running  torque,  so 
the  direct  current  motor  may  be  so  designed  as  to  give  any  de- 
sired relation  between  the  starting  and  the  full  load  miming 
torque. 

The  Chairman  : — (Mr.  F.  E.  Drake  :J  Some  ideas  have  occurred 
to  me  in  connection  with  this  proposition,  having  had  some  little 
experience  years  ago  in  the  steam  railway  line,  although  nothing 
which  could  be  used  as  a  basis  of  argument  or  contention  to-night. 
If  we  suppose  a  long  distance  line  to  be  equipped  electrical  I  v,  we 
have  a  number  of  features  which  must  be  taken  care  of.  'these 
lie  chiefly  in  the  fact  that  the  trains  are  infrequent  and  very 
heavy,  and  in  case  we  attempt  to  cut  them  in  two,  as  is  suggested 
in  electric  practice,  I  doubt  if  the  railway  companies  would  con- 
sent, although  in  passenger  traffic  they  might  rather  allow  two 
trains  of  four  cars  each  than  those  now  comprising  seven,  ten 
and  even  more  cars;  but  in  freight  traffic  we  have  the  very  diffi- 
cult problem,  for  which  I  can  see  in  electricity  no  immediate  or 
satifitactory  solution. 
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A  locomotive  running  under  the  maximum  speed  that  is  nsu- 
ally  attained  with  a  loaded  train,  requires  not  less  than  1,000 
horse  power,  perhaps  more,  so  that  in  transmitting  that  amount 
of  power,  not  only  to  that  train  but  to  trains  going  in  the  oppo- 
site direction,  the  first  cost  of  equipment  and  feeders  must  be 
very  high.  For  short  distance  traffic,  I  think  the  electrically 
propelled  train  is  the  best  any  one  can  imagine.  I  believe  the 
Illinois  Central  could  be  equipped  with  either  the  third  rail  or 
overhead  wire  system.  The  principal  objection  to  the  latter  is 
the  difficulty  of  maintaining  tne  contact  at  high  rates  of  speed. 
I  think  that  contact  miglit  be  made  so  that  it  would  not  be  a 
serious  objection.  Perhaps  midway  between  the  present  trolley 
and  the  '*cro88-bow"  used  abroad,  we  might  find  a  plan  for  pre- 
venting the  slippage  we  have  here. 

The  third  rail  system  has  some  features  which  are  difficult  of 
getting  around.  If  you  divide  up  your  line  into  sections,  or  ac- 
cording to  the  "  block  system,"  you  must  have  automatic 
switches.  Here  we  would  meet  serious  opposition  from  the  loco- 
motive engineers,  who  are  seldom  called  upon  to  bridge  over  diffi- 
culties of  such  a  character.  With  a  locomotive  they  are  usually 
able  to  get  to  a  station  or  siding.  Under  this  proposed  plan,  if  a 
switch  fails,  with  the  train  midway  between  blocks,  there  is  a 
very  decided  wait — one  which  would  cause  much  interruption  to 
the  service,  and  one  which  1  believe  would  raise  strong  opposition 
and  protest. 

The  feature  in  connection  with  steam  road  practice  is  the 
heavy  freight  duty  required  and  consequent  power  consumed, 
yet  for  long  distances  1  believe  the  best  way  to  be  through  the 
polyphase  system,  or  some  system  of  alternating  current,  which 
could  be  reduced  to  a  practice  whicli  would  be  applicable  to  such 
a  road. 

Mr.  Ku«o  : — I  have  given  this  subject  very  little  special 
thought.  One  remark  made  by  Mr.  Brinckerhoff,  however,  about 
the  use  of  the  storage  battery  on  the  Manhattan  elevated  railway 
of  ^ew  York,  attracted  my  attention.  It  seems  to  me  that  on© 
great  advantage  would  be  in  the  reduced  cost  of  the  copper  in 
the  feed  wires,  because  the  batteries  would  take  the  heavy  load 
which  would  come  on  the  feed  wire  in  starting  the  train,  and  the 
feeders  would  be  taxed  with  a  very  small  load  continuously.  I 
was  interested  in  the  remark  made  concerning  the  alternating 
current  motor.  We  all  know  that  the  alternating  current  motor 
has  had  a  very  bad  character,  but  at  the  same  time  it  has  been 
striving  vigorously  to  live  down  its  bad  re])utation,  and  I  think 
it  is  succeeding  very  well.  People  are  beginning  to  believe  in 
the  alternating  current  motor. 

The  matter  of  torque  seems  to  bother  a  great  many  persons, 
even  at  this  late  day.  The  experience  of  late  has  been  that  torque 
does  not  enter  into  tlie  question  at  all.  The  alternating  gives  praeti- 
oally  as  much  torque  as  a  direct  current  motor  and  just  as  ef- 
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iiciently,  so  I  do  not  think  that  we  need  to  be  at  all  afraid  of  the 
matter  of  torque  in  connection  with  the  alternating  current  motor, 
even  where  the  torque  required  in  starting  is  very  great.  I  have 
seen  polyphase  street  car  motors  which  would  rive  a  static  torque 
of  five  or  six  times  the  full  load  torque,  and  that,  we  must  all 
admit,  is  sufficient  for  practical  purposes. 

For  train  work,  a  motor  is  being  used  now  and  working  on  a 
train  in  a  very  successful  manner,  starting  easily  and  giving  very 
satisfactory  service. 

Mr.  Drake  : — In  your  experience  what  is  the  highest  rate  of 
speed  recorded? 

Mr.  Bri.nckkrhoff: — The  highest  speed  we  have  attained  in 
tests  have  been  33  to  36  miles  per  hour,  with  four  car  trains  and 
two  motors.  This  was  with  a  full  standing  load.  With  four 
motors  and  the  same  train  we  have  made  38  and  39  miles  per 
hour.  These  figures  are  from  Boyer  speed  recorder  curves,  and 
the  record  showed  that  the  train  was  still  accelerating  when  the 
current  was  shut  off  for  the  stop. 

The  speed  that  can  be  obtained  is  largely  a  matter  of  the  ratio 
of  the  gears  and  the  distance  you  can  run.  These  same  motors 
with  different  gear  made  70  miles  per  hour,  I  am  told,  on  the 
N.  Y.,  JSr.  11.  and  H.  R.  R.  Such  a  gear  would  give  very  poor 
economy  in  our  service,  as  our  runs  between  stops  average  only 
2100  feet. 

PitOF.  Stink: — Do  you  find  that  the  third  rail  pits  much  in 
service  ? 

Mr.  Brinokerhoff: — No,  unless  possibly  at  stations  where 
there  has  been  arcing  due  to  bad  contact  when  ice  had  formed 
from  the  drip  of  roof  or  gutters.  Even  in  these  places  it  is  slight, 
and  the  bulk  of  the  contact  rail  shows  a  bright,  highly  polished 
surface. 

Mr.  Drake: — The  question  of  operating  in  steam  railway  con- 
ditions would  not,  in  your  opinion,  operate  badly  on  the  shoe? 

Mr.  Brinckkrhoff  : — I  do  not  see  anything  in  this  service  that 
fc'hould  injure  the  shoe,  unless  the  higher  speed  at  crossings,  when 
you  are  obliged  to  allow  it  to  drop  and  then  ride  up  on  the  con- 
tact rail  again.  We  have  used  for  this  purpose  inclines,  with  a 
rise  of  one  and  one-half  inches  in  five  feet,  and  they  act  satisfact- 
orily at  such  speeds  as  we  attain,  say  35  miles  per  hour.  At 
higher  speeds  a  more  gradual  incline  could  be  used,  thus  lessen- 
ing the  blow  on  the  shoe. 

Mr.  Coster: — Both  alternating  and  direct  current  motors  can 
be  made  to  have  any  reasonable  starting  torque.  So  many  peo- 
ple confound  the  polyphase  motor  witn  the  synchronous  motor. 
Dut  1  want  to  assure  Mr.  Ball  that  we  can  give  him  all  the  start- 
ing torque  he  can  use.  These  motors  are  now  applied  with  the 
greatest  success  to  cranes  in  foundries  where  the  work  is  very 
exacting — where  the  mould  has  to  be  let  down  very  carefully, 
where  the  crane  has  to  lift  a  very  heavy  load  and  the  motor  re- 
quires a  large  starting  torque. 
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Mb.  Ball: — Are  you  manufacturers  in  position  to  put  the 
polyphase  motor  in  the  market  for  street  car  work,  and  if  not, 
what  is  the  difficulty  ? 

Mb.  Coster  : — In  street  car  work  there  are  so  many  details, 
such  as  the  third  rail,  controllers,  etc.  However,  the  motor  is 
there,  and  the  results  have  been  far  in  excess  of  our  most  san- 
guine expectations.  It  has  excelled  the  direct  current  motor  in 
many  respects,  and  I  tliink  the  alternating  current  polyphase 
niotoi*8  will  be  the  motors  of  the  future. 

Prof.  8tine  : — Do  you  recall  any  data  from  the  tests  made  at 
I^ittsburgh  on  the  two- phase  street  car  motor? 

Mr.  Coster  : — 1  only  know  the  Westinghouse  Electric  and 
Mfg.  Co.  have  made  some  tests  with  very  satisfactory  results. 
We  are  not  quite  prepared  to  furnish  data,  hut  I  will  say  that  I 
was  surprised  to  see  them  do  so  well. 

Mr.  DALLi^-Why  cannot  we  put  in  the  double  trolley  and 
use  the  third  wire  ^ 

Mr.  Coster  : — This  question  would  be  determined  by  circum- 
stances, the  same  as  with  the  direct  current  motor. 

Prof.  Stink: — 1  would  like  to  ask  Mr.  llugg  if  he  has  any 
data  on  hand  of  their  tests  ? 

Mr.  Hugo  : — I  have  no  definite  data  on  hand  ;  except  in  a 
general  way,  they  are  built  for  heavy  torque,  and  between  live 
and  six  times  the  static  torque  is  obtained,  the  controlling  of  them 
being  easily  accomplished.  As  far  as  efficiency  goes,  it  compares 
very  favorably  with  the  direct  current  street  car  motor. 

Mr.  Ball: — Do  you  put  resistance  in  series  with  the  armature 
and  get  it  out  afterwards  i 

Mr.  Ruoo  : — Yes  ;  by  means  of  resistance  we  get  the  starting 
torque. 

The  Chairman: — We  have  had  an  interesting  discussion  this 
evening  on  existing  methods  of  practice  here  in  this  country,  and 
in  some  cases,  abroad.  For  myself,  I  would  invite  comparisons 
or  remarks  on  some  of  the  other  proposed  systems,  notably,  the 
Heilmann  machine, — and  whether,  in  the  opinion  of  those  present 
the  plan  of  this  inventor  could  be  used  practically  and  with  suc- 
cess in  this  country. 

Mr.  J.  R.  Cravath  : — I  do  not  like  to  say  very  much  about  it. 
It  is  hard  for  me  to  see  whei-e  the  advantages  of  such  a  machine  as 
the  Heilmann  locomotive  would  come  in.  It  carries  its  own 
flteam  power  plant,  which  never  seemed  to  me  to  be  of  the  best 
design  for  the  work;  it  also  carries  its  own  electrical  plant,  and 
I  also  question  whether  that  is  the  best  design  for  the  work  ;  it 
piles  this  all  on  one  set  of  trucks,  and  employs  a  small  army  of 
men  to  keep  it  going.  Of  course  there  may  be  some  theoretical 
advantages,  but  I  don't  care  to  say  much  about  it. 

Prof.  Stine: — The  subject  under  discussion  naturally  invites 
attention  to  the  storage  battery  in  relation  to  the  future  of  elec- 
tricity in  the  operation  of  railways.      As  the  storage   battery 
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situation  exists  at  the  present  time,  such  a  relation  seems  entirely 
out  of  the  question,  owing  not  only  to  the  excessive  weight  of  the 
storage  batteries,  but  to  the  rapid  deterioration  of  plates,  especially 
when  these  are  made  li&^ht  enough  for  traction  purposes.  Some 
time  since,  I  had  occasion  to  make  what  was  to  me  a  very  in- 
teresting calculation  with  reference  to  the  possibility  of  the  ap- 
])lication  of  the  storage  battery  to  heavy  traction  work.  I  was 
led  to  do  this  from  results  of  a  purely  scientific  character,  and 
wish  to  state  emphatically  at  the  outset  that  this  calculation  has 
no  commercial  basis  at  present. 

Some  years  ago,  during  an  investigation  of  the  storage  battery, 
I  was  enabled  to  obtain  an  actual  storage  of  one  horse-power  hour 
in  29  pounds  of  battery.  This  was  under  conditions  which  were 
far  from  ideal.  By  reducing  the  weight  of  the  containing  vessel 
and  the  dimensions  of  the  battery,  and  doing  away  with  all  un- 
necessary- electrolyte,  etc.,  the  same  result  was  indicated  from  a 
gross  battery  weight  of  12  pounds  per  horse-power  hour.  This 
18  a  laboratory  possibility,  but  unfortunately  there  are  some 
<juestions  of  an  electrolytic  character  which  prevent  its  having 
any  commercial  application.  On  this  basis  a  calculation  may  be 
made,  showing  what  would  be  the  result  of  applying  such  a  bat- 
tery to  the  operation  of  say  our  best  developea  express  service 
on  railways. 

We  may  assume  that  the  average  traction  weight  on  drivers  on 
our  best  express  engines  is  about  80,000  pounds,  while  the  front 
truck  carries  a  further  weight  of  40,000  pounds.  Such  locomo- 
tives are  usually  provided  with  great  water  and  coal  endur- 
ance. We  may  take  these  figures  at  13,000  pounds  for  coal  and 
about  30,000  pounds  for  water ;  this,  carried  on  a  tender  weigh- 
ing from  30,000  to  40,000  pounds.  A  locomotive  of  this  size 
will,  at  50  miles  per  hour,  develop  about  1,250  horse-power,  and 
is  in  service  for  about  150  miles  at  a  time.  Allowing  50  per 
cent,  reserve,  this  will  give  four  and  one-half  hours'  service,  or  a 
total  of  5,025  horse-power  hours.  Counting  now  12  pounds  of 
battery  per  horsepower  hour,  we  have  a  net  weight  of  battery  of 
07,500  pounds.  This  would  seem  to  be  just  a  little  under  the 
average  weight  of  the  tender  and  its  contents.  Taking  the 
weights  of  the  electric  locomotives  so  far  built,  it  would  be  pos- 
sible to  carry  this  entire  battery  weight  on  the  driving  axles, 
making  the  total  weight  tractive,  unless  for  reasons  of  great 
speed,  when  a  leading  truck  would  he  necessary.  The  total 
weight  of  the  battery  and  locomotive  would  not  be  practically  in 
excess  of  the  steam  locomotive  weight  mentioned  above,  (120,000 
lbs.)  The  gain  in  weight  would  be  that  of  80,000  pounds 
<^harged  up  against  the  tender. 

As  to  the  bulk  of  this  battery,  it  could  be  brought  Avithin  the 
space  at  its  disposal  in  such  a  locomotive.  In  summing  up  our 
figures,  we  see  that  practically  little  would  be  gained  by  using 
the  storage  battery  in  place  of  the  steam  locomotive,  and  the  en- 
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tire  question  would  hinge  on  the  economy  of  such  a  storage  bat- 
tery installation  over  that  of  a  portable  steam  plant.  The  object, 
however,  was  to  show  the  possibility  rather  than  the  economy. 

To  return  from  the  somewhat  ideal  possibilities  to  the  problem 
that  we  are  actually  facing  to-day,  I  do  not  believe  that  the  dis- 
cussion is  at  all  ended,  when  we  have  considered  the  relative 
economies  existing  between  the  practical  steam  plants  and  elec- 
tric locomotives  supplied  from  large  central  stations.  There  are 
many  other  considerations  which,  it  seems  to  me,  will  eventually 
be  important  factors  in  deciding  to  what  extent  steam  railway* 
will  adopt  electricity.  In  the  first  place,  on  a  large  number  of 
railways  the  best  handling  of  trains  does  not  seem  to  obtain  very 
serious  attention.  The  problem  seems  to  be  to  get  trains  through. 
As  a  consequence,  there  is  a  local  congestion,  especially  of  freight 
traffic.  This  greatly  magnifies  the  problem  of  change  to  electric 
traction.  If  tue  flux  of  trains  could  be  kept  near  an  average,  the 
problem  would  be  greatly  simplified,  and  better  management  on 
the  part  of  train  despatchers  could  accomplish  much  toward  se- 
curing this.  But  if  those  writers  who  have  written  and  have 
been  competent  to  express  an  opinion  are  to  be  trusted,  railway 
operation  will,  in  all  probability,  undergo  important  modifica- 
tions, and  it  is  not  too  much  to  believe  that  the  shortening  up  of 
the  trains,  with  an  increase  in  the  number  of  train  units,  will  be 
the  tendency.  This,  of  course,  will  be  entirely  favorable  to  elec- 
tric traction. 

In  spite  of  all  our  carefully  matured  calculations,  bearing  on  the 
question  of  relative  economy,  should  the  financial  conditions  of 
tne  country  at  large  greatly  improve,  these  would  have  less  weight 
than  we  at  present  attach  to  them.  The  coal  item  is  a  compara- 
tively small  one  on  a  large  and  well-managed  system,  and  our  as- 
sumptions of  what  would  be  the  character  of  electric  traction,  if 
it  were  adopted,  should  be  taken  with  great  allowance. 

After  all,  there  are  questions  of  desirability  which  will  add 
weight  to  those  of  economy,  and  experience  will  suggest  modifi- 
cations from  time  to  time  which  may  put  an  entirely  diflFerent 
aspect  on  the  whole  problem.  Without  being  too  sanguine,  it 
does  seem  that  if  a  few  engineering  points  were  settled  soon,  that 
electric  traction  would  gain  a  rather  rapid  hold  upon  the  rail- 
roads of  the  country.  At  present,  electrical  engineers  themselvea 
are  in  doubt  as  to  whether  polyphase  motors  have  any  decided 
advantage  over  direct  current  motors.  Then,  too,  the  matter  of 
contact  between  the  conductors  and  the  moving  trains  has  not 
reached  such  a  stage  of  development  as  to  inspire  confidence  in 
its  reliability  and  permanence.  A  few  of  these  points  once  set- 
tled, we  may  look  for  rather  rapid  progress. 

[Adjourned.] 
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The  110th  meetiDg  of  the  Institute  was  held  this  date,  at  12 
West  31st  Street,  and  was  called  to  order  by  Vice-President 
Steinmetz  at  8  p.  m. 

The  Secretary  announced  the  election  of  the  following  associate 
members  by  the  Executive  Committee  at  its  meeting  in  the 
afternoon. 

Address.  Endorsed  by 

Electrical  Engineer,  W.  J.  Jenks. 

46  Second  Avenue,  Chas.  A.  Terrj. 

Newark,  N.  J.    A.  E.  Kennelly. 


Name. 

Hammer,  Edwin  W. 


Hill,  H.  P. 


Knox,  Qbo.  W. 


McCarthy,  E.  D. 


Schwab,  Martin  C. 


Straus,  Theodore. 


Engineer,   Wendell  and  MacDuffie,  Max  Osterben". 

8 18  Haveraever  Bldg,  N.  Y.  City  ;  Edw.  Caldwefl. 

residence,  Washington,  D.  C,  W.  D.  Weaver. 

Electrical    Engineer,    Chicago  City  D.  C.  Jackson. 

Railway    Co.,    2020  State  Street,  C.  F.  Burgess. 

Chicago,  111.  S.  B.  Fortenbaugh. 

B.  J.  Arnold. 

Electrical  Engineer.  The  F.  P.  Little  C.   R.  Huntley. 

Electric  Construction  and  Supply  Henry  G.  Stott. 

Co.,  185  Seneca  St. ;  residence,  451  C.  W.  Ricker. 
14th  Street.  Buffalo,  N.  Y. 

1720  Madison  Avenue, 

Baltimore,  Md. 


Louis  Duncan. 
H.  S.  Hering. 
H.  A.  Rowland. 

C.  P.  Steinmetz. 


Tester,  General  Electric  Co..  Schen 
ectady,    N.   Y. ;    residence,    1218    H.  S.  Hering. 
Linden  Avenue,  Baltimore,  Md.         Ernst  J.  Berg. 


VosMAER,  Alexander.  Mechanical.  Chemical  and  Electrical    H.  Doner. 

Engineer.  The  General  Ozone  and  H.  F.  R.  Hubrecht. 
Electric  Supply  Co.,  Suerkade  104,     R.  W.  Pope. 
The  Hague,  Holland. 


Wallace,  Chas.  F. 


Whiting,  Allen  H. 


Engineer.  Stone  and  Webster,  Bos-  A.  M.  Schoen. 

ton,   Mass.;    residence.  62  Forest  Chas.   R.  Cross 

Street,  Roxbury,  Boston,  Mass.  Russell  Robb. 

Electrical  Enmneer.  Riker  Electric  A.  L.  Riker. 

Motor  Co. .  Brooklyn,  X.  Y. ;  resi-  T.  L.  Proctor, 

denoe,  Stamford,'  donn.  W.  L.  Bliss. 
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Woodward,  W.  C.        Electrical    Engineer,    Karra^ansett  G.  H.  Herrick. 

Electric  Lighting  Co. :    residence,  G.   D.   Haskius. 

21  Arlington  Avenue,  Providence,  P.  V.  Henshaw. 
R.  I. 

Wright,  Louis  S.         Manager,  The  Carbondale  S.  G.  Flagg,  Jr. 

Traction  Company,  A.  E.  Kennelly. 

Carbondale,  Penn.     E.  J.  Houston. 

YsLAS,  Carlos.  Electrician    of  Railwavs  in  Jalapa,     C.  C.  Chesney. 

Jalapa,  Vera  Cruz,  Mexico.  H.  L.  Fridanberg, 

Wm.  Stanley. 
Total  12. 


TRANSFERRED  FROM  ASSOCIATE  TO  FULIi  MEMBERSHIP. 


Approved  by  Board  of  Examiners,  Oct.  14th,  1896. 

Nichols,  Gkoroe  P.  Partner,  Geo.  P.  Nichols  &  Bro.,  Electrical  Engineora 

and  Contractor,  Chicago,  111. 

Foster,  Samuel  L.  Electrical  Engineer,  Market  Street  Railway  Co.,  San 

Francisco,  Cal. 

CusHiNQ,  Harry  C,  Jr.  Electrical  Inspector,  Fire  Underwriters'  Tariff  As- 
sociation of  New  York,  32  Nassau  St.,  New  York 
City. 

Baldwin,  Bert  L.  Mechanical  and  Electrical  Engineer.  The  Cincinnati 

Street  Railwav  Co.,  Cincinnati,  0. 
Total  4. 

The  y ice-President  announced  that  the  evening  would  he- 
devoted  to  the  reading  and  disens^ion  of  a  paper  by  Mr.  H.Ward 
Leonard,  entitled  "Volte  vs.  Olnne.''  Tlie  apparatus  described, 
had  been  installed  upon  the  platform,  and  was  shown  in  operation 
by  the  author,  with  the  following  preliminary  remarks. 

Mr.  Leonard: — It  may  be  well  for  me  to  show  the  operation 
of  the  apparatus.  I  will  say  in  explanation  that  the  apparatus 
was  not  manufactured  for  this  special  purpose,  and  that  the  motor 
generator  is  not  exactly  of  the  best  form  for  this  use.  The 
winding  of  the  two  armature  ends  are  not  identical,  and  the  Held 
strengths  are  not  the  same.  The  result,  therefore,  is  not  quite  as 
good  in  many  ww's  as  it  would  be  if  they  were  very  much  more 
nearly  identical.  There  is  quite  a  difference ;  the  voltage  is  7<> 
on  ©ne  and  120  on  the  other ;  but  I  would  say  that  it  was  loaned 
by  the  (Vocker- Wheeler  Electric  Company,  and  will  answer  the 
purpose  suflSciently  well  to  illustrate  the  performance,  so  I  will 
show  it  as  well  as  I  can  under  the  existing  conditions. 

If  you  will  tuni  to  Fig.  4  of  the  paper  '*Volts  vs.  Ohms,"  I 
will  point  out  what  we  have  here.  I  liave  marked  upon  the 
boara  of  the  machine  here  the  letter  s,  which  is  the  shunt- 
wound  end  of  the  transformer;  and  that  marked  r  is  the  re- 
versible end  of  the  transformer ;  and  the  motor  m  is  connected^ 
as  you  see.  This  is  the  reversing  rheostat  in  the  field  of  tlie  re- 
versible machine,  which  you  will  notice  is  quite  large  relatively  to 
the  size  of  this  particular  machine.     This  apparatus  would  be  no 
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larger,  however,  if  it  were  to  handle  100  kilowatts  instead  of  ©ne : 
the  dimensions  being  due  to  the  number  of  contact  buttons  more 
than  anything  else. 

I  have  here  a  voltmeter,  which  is  connected  across  the  terminals 
of  M,  the  motor  to  be  driven.  I  will  first  start  up  the  shunt- 
wound  motor,  and  when  running  at  full  speed  I  will  now  adjust 
the  rheostat  in  such  a  way  that  the  line  volts  of  125  will  be 
opposed  by  the  125  volts  of  the  armature  of  m. 

when  1  close  the  armature  circuit  vou  will  see  there  will  be 
no  change  in  the  current  flowing,  and  that  by  the  adjustment  of 
this  rheostat  I  will  he  al)le  to  make  the  motor  armature  go  from 
rest  to  full  speed;  and  not  only  that,  but  I  can  make  it  go  slowly 
in  a  backward  direction,  for  the  reason  that  the  speed  of  these 
two  machines  nmst  be  always  equal,  and  as  soon  as  the  voltage  of 
R  is  higher  than  that  of  s,  the  current  will  he  reversed  in  this 
loop  1,  2,  3,  4;  and  the  voltage  of  k  being  higher  than  the  vol- 
tage of  the  line,  m  must  run  in  a  reverse  direction.  You  will 
notice  that  there  will  l>e  no  change  in  the  current  when  I  dose 
the  armature  circuit,  and  there  will  be  no  effect  upon  the  arma- 
ture of  the  motor. 

By  manipulating  this  rheostat  you  can  make  it  go  in  either 
direction.  By  turning  in  this  direction  (illustrating),  the  motor 
will  run  in  the  direction  which  is  the  reverse  from  its  full  speed 
direction.  In  this  case  the  k.  m.  f.  produced  l)y  the  reversible 
machine  is  higher  than  that  of  the  line.  By  this  device  I  can 
run  it  backward,  but  if  the  motion  is  to  be  reversed  so  as  to  run 
backward  at  full  speed,  it  is  better  to  have  a  reversing  switch 
upon  the  motor  armature  terminals  which  would  be  thrown  at  a 
time  when  there  is  no  voltage  at  the  terminals,  and  then  you  could 
go  backward  at  full  speed  as  the  current  through  the  armature 
would  be  revei'sed. 

Now,  there  has  been  considerable  talk  as  to  whether  or  not  any 
practical  amount  of  energy  could  be  restored  to  the  line  by  this 
system,  and  I  wish  to  show  that  this  is  done.  This  ampere  meter 
snowing  the  current  from  the  line,  reads  both  ways  from  zero. 
Now  while  running  the  motor  at  full  speed  in  that  direction,  I 
instantly  reverse  the  rheostat,  thus.  You  noticed  that  when  I 
did  that,  current  was  restored  to  the  line.  The  armature  reversed, 
and  its  retardation  and  acceleration  in  the  opposite  direction  was 
accomplished  by  making  the  armature  of  m  generate  useful  energy 
which  is  restored  to  the  line. 


Pm^tr  prtttmHd  mi  the  iioik  Metiing  #/  tlU 
Americmn  IntMmte  •/  EUctricmi  Enginewr*^ 
Ntw  Y^rk,  Nff9.  iSth,  tS^,  Vict-Fruid^nt 
SUinmeH  in  tki  Chmir, 


VOLTS  VS.  OHMS. 
Speed  Kboulation  of  Eleotbio  Motobb. 


BY    H.    WARD    LKONAKD. 


The  control  of  the  speed  of  an  electric  motor  from  a  state  of 
rest  to  that  of  full  speed  is  a  problem  of  rapidly  growing  im- 
)>ortance  to  the  electrical  engineer.  The  operation  by  means  of 
electric  motors,  of  elevators,  locomotives,  printing  presses,  travel- 
ing cranes,  turrets  on  men-of-war,  pumps,  ventilating  fans,  air 
compressors,  horseless  vehicles,  and  many  other  electric  motor 
applications  too  numerous  to  mention  in  detail,  all  involve  the 
desirability  of  operating  an  electric  motor  under  perfect  and  eco- 
nomical control  at  any  desired  rate  from  rest  to  full  speed. 

The  most  commonly  practiced  method  of  controlling  the  speed 
of  an  electric  motor  for  such  applications  at  present,  involves  the 
use  of  ohmic  resistance  in  the  circuit  of  the  motor  annature, 
which  resistance  is  varied  to  control  the  speed  of  the  motor. 

The  use  of  an  ohmic  resistance  for  controlling  the  speed  of  an 
electric  motor  results  necessarily  in  a  waste  of  energy,  and  in  an 
unstable  control  of  the  speed.  The  object  of  thjs  paper  is  to  en- 
deavor to  show  the  advantages  arising  from  the  use  of  a  system 
of  motor  control  having  several  modifications,  but  all  of  which 
involve  the  idea  of  controlling  the  speed  of  an  electric  motor  by 
controlling  the  e.m.f.  generated  in  its  armature  circuit,  and  with- 
out using  any  regulating  resistances  in  that  circuit. 

I  shall  consider  only  the  control  of  a  single  motor,  that  is,  I 
shall  not  refer  to  the  control  of  several  mutually  dependent  mo- 
tors by  grouping  in  series  and  series  paiallel.  1  shall  also  limit 
the  consideration  to  that  of  a  continuous  current  motor. 

Fig.  1  shows  the  first  and  simplest  form  of  the  k.  m.  f.  system 
of  mot^r  speed  control. 

877 


878 


LEONARD  ON  MOTOR  REGULATION 


[Nov.  18. 


8  is  an  engine  or  other  source  of  power  operating  at  a  practi- 
cally constant  speed. 

G  is  a  generator. 

M  is  the  motor. 

B  is  a  circuit  of  constant  e.  m.  f.  which  supplies  current  for 
exciting  the  fields  of  g  and  m. 

It  will  be  noticed  that  the  fields  of  both  (i  and  m  are  indepen- 
dent of  the  E.  M.  F.  and  current  of  their  armatures.  The  field  of 
M  is  practically  constant.  The  field  of  g  is  variable  from  full 
strength  to  zero  strength  by  manipulation  of  the  controllings 
rheostat  o  in  the  field  circuit  of  g.  It  will  also  be  noticed  that 
there  is  no  rheostat  in  either  the  field  or  armature  circuit  of  the 
motor  M  which  is  to  be  controlled. 


^m 


s  <:g3J' 


:3CMDa 


Fig.  1 


It  will  be  evident  that  by  varying  the  field  strength  of  g  we 
can  vary  the  e.  m.  f.  generated  in  the  armature  circuit  from  zero 
to  the  full  working  e.  m.  f. 

In  order  to  make  definite  comparisons,  let  us  assume  certain 
figures  for  the  full  e.  m.  f.  and  current  of  g.  Suppose  its  full 
K.  M.  f.  to  be  250  volts,  and  its  full  working  current  to  be  100 
amperes.  Also  let  us  assume  that  the  resistance  of  the  armature 
of  M  is  .05  ohms,  giving  a  C^R  loss  in  that  armature  of  2  per 
cent,  of  its  rated  capacity,  when  the  full  working  current  is  flow- 
ing. Let  us  assume  that  the  full  speed  under  full  torque  is  500 
revolutions  per  minute.  For  the  sake  of  simplicity  and  because 
it  does  not  affect  the  practical  accuracy  of  the  deductions,  let  ua 
neglect  the  slight  losses  due  to  Foucault  currents,  hysteresis,  fric- 
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tion  and  the  slight  ohmic  resistance  of  the  rest  of  the  armatnre 
circuit. 

Suppose  that  our  motor  is  to  drive  a  large  printing  press,  such^ 
for  example,  as  is  used  for  printing  calico,  and  that  it  is  required 
of  us  that  we  shall  drive  the  press  at  any  desired  rate  from  rest 
to  full  speed,  and  that  we  shall  maintain  any  such  intermediate 
speed  practically  constant  even  though  the  torque  should  vary 
from  mere  friction  torque  to  the  maximum  torque  of  operation. 

Let  us  suppose  that  the  friction  torque  is  represented  by  10 
amperes  through  the  armature  of  m,  and  that  the  maxinmm 
torque  of  operation  is  represented  by  100  amperes  through  the 
armature  of  m.  We  have  now  fixed  all  the  conditions  necessary, 
in  order  that  we  may  determine  the  exa(?t  performance  of  tlie 
motor. 

If,  by  manipulation  of  the  controller  c,  we  allow  a  slight  and 
gradually  increasing  current  to  How  through  the  field  of  (j,  the 
K.  M.  F  at  its  brushes  will  gradually  rise  from  zero  upward,  since 
the  armature  of  o  is  being  constantly  driven  at  its  full  speed. 
When  it  is  generating  one  volt  at  its  brushes,  a  current  will  fluw 
through  the  armature  of  a,  due  to  one  volt  acting  through  .05 
ohms,  causing  20  amperes  to  flow  through  m.  If  the  press  be 
under  full  torque  it  will  not  start  with  this  current.  Wlien  we 
have  five  volts  at  brushes  of  g,  we  have  100  amjMjres  through  m, 
and  the  armature  is  just  about  to  start ;  but  since  any  motion  of 
M  would  cause  the  development  of  a  counter  k.  m.  f.  which 
would  reduce  the  current  below  100  amperes,  it  does  not  start  as 
yet. 

As  soon  as  we  raise  the  e.  m.  f.  at  brushes  of  o  above  five  volts, 
the  armature  of  m  moves  at  a  rate  of  speed  sufficient  to  develop 
a  counter  e.  m.  f.  of  five  volts  less  than  at  g. 

Thus  if  we  have  six  volts  at  g,  the  armature  of  m  will  move  at 
a  rate  of  speed  sufficient  to  develop  one  volt  counter  e.  m.  f.  and 
permitting  the  flow  of  the  pixjper  current  for  the  necessary  torcjue, 
that  is  100  amperes. 

I  call  attention  to  the  fact  that  since  the  field  of  the  motor  is 
constant,  the  counter  e.  m.  f.  is  directly  proportional  to  its  speed. 

At  full  torque  and  full  speed,  the  counter  e.  m.  f.  would  be 
245  volts,  five  volts  being  dropped  by  the  passage  of  the  100  am- 
peres through  the  ohmic  resistance  of  .05  ohm. 

Similarly  if  g  has  125  volts  at  \i%  brushes,  that  is  one-half  of 
its  full  voltage,  and  the  full  torque  current  of  100  amperes  be  in 
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1186,  the  connter  e.  m.  f.  of  m  would  be  120  volts  and  its  speed 
would  be  120 -s- 245  of  its  full  speed,  that  is  m  would  run  at  245 
revolutions  per  minute  or  practically  speaking  at  one-half  of  itd 
full  speed. 

Similarly,  with  one-tenth  of  the  full  e.  m.  f.,  that  is  with  25 
volts  at  the  brushes  of  o,  the  speed  of  m  under  full  torque  current 
would  be  20 -T- 245  of  its  full  speed,  that  is  41  revolutions  per 
minute  or  approximately  one- tenth  of  its  full  speed. 

Suppose  now  while  m  is  running  thus  at  41  revolutions  per 
minute  under  full  torque,  the  entire  load  be  thrown  off,  except 
merely  the  friction  the  torque  current  of  which  we  have  assumed 
as  10  amperes. 

Instead  of  five  volts  drop,  due  to  the  100  amperes  through  the 

.05  ohm,  we  now  have  only  10  amperes  through  .05  ohm,  or  .5 

volt  drop,  and  the  resulting  momentary  increase  of  current  through 

M  causes  slight  acceleration  of  its  armature  until  its  counter  e.  m.  f. 

is  24.5  volts  instead  of  20  volts,  which  it  was  under  full  torque. 

24  5 
That  is,  its  speed  is  now  under  friction  load  —^  X  500,  or  50 

revolutions  per  minute. 

Jlence  we  see  that  when  operating  the  motor  at  one-tenth  of 
its  full  speed  of  500  revolutions  per  minute,  and  while  under  full 
torque,  we  can  throw  off  the  entire  load  and  experience  a  change 
in  the  speed  of  only  9  revolutions  per  minute. 

Now  let  us  consider  the  same  motor  under  same  ct)nditions 
excepting  that  it  is  connected  as  usual  to  a  constant  £.  m.  f.  cir- 
cuit of  250  volts,  and  that  the  speed  is  controlled  by  an  ohmic 
resistance  in  the  armature  circuit,  the  field  being  in  shunt  directly 
across?  the  line. 

If  we  are  to  operate  the  motor  under  full  torque,  we  must  have 
the  full  100  amperes  flowing  through  its  armature,  and  if  it  is  to 
be  operated  at  one-tenth  of  its  full  speed  its  counter  e.  m.  f.  must 
be  245-hlO  or  24.5  volts.  This  means  that  we  must  drop  in  the 
rheostat  220.5  volts  out  of  the  250  volts  constantly  impressed. 
By  having  220.5-^100  =  2.2  ohms  in  the  rheostat  we  can  secure 
this  condition  of  affairs.  But  now  we  are  wasting  100  X  220.5 
=  22,050  watts  in  the  rheostat  and  only  utilizing  in  the  motor 
2,450  watts. 

Perhaps  the  wornt  feature,  however,  al)out  the  conditions  now 
prevailing,  is  that  we  have  practically  no  control  over  the  speed 
nnder  change  of  torque.    For  example,  suppose  as  before  that  we- 
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now  throw  off  the  entire  load,   leaving  only  the  friction  load. 

Under  the  reduced  torque  the  motor  speeds  up  until  its  counter 

K.  M.  F.  plus  the  drop  of  e.  m.  f.  in  the  rheostat  again  equals  the 

line  B.  M.  F.    When  this  condition  is  realized,  we  have  the  friction 

torque  current  of  10  amperes  flowing  through  the  resistance  of 

2.2  ohms  in  the  rheostat,  and  causing  a  drop  of  only  22.  volts,  and 

consequently  the  counter  e.  m.  f.  of  m  must  be  250 — 22.  =  228 

228 
volts  and  its  speed  must  be  —  X  500  =  456  revolutions  per 

minute. 

That  is,  by  throwing  off  the  full  load,  our  motor  has  jumped 
from  41  revolutions  per  minute  to  466  revolutions  per  minute. 


■oo 


O^JO 


Pio.  3. 


a  change  of  415  revolutions  in  this  case  as  compared  with 
9  revolutions  in  the  former  case,  the  change  in  speed  under  the 
same  conditions  being  nearly  50  times  as  great  by  the  system  of 
ohmic  control  as  by  the  system  of  e.  m.  f.  control. 

Suppose  we  are  again  operating  at  one-tenth  speed  under  full 
torque  and  therefore  have  2.2  ohms  in  our  rheostat.  Now  let  the 
torque  increase  only  12  per  cent,  which  must  be  expected  in  any 
kind  of  commercial  practice.  To  keep  the  armature  in  rotation 
will  require  112  amperes,  but  the  ohms  in  circuit,  2.25,  will  only 
permit  the  passage  of  111  amperes  with  250  volts  impressed,  hence 
the  increase  of  12  per  cent,  in  torque  wiU  cause  the  armature  to 
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come  to  rest.  In  the  BjBtem  of  control  by  volts  instead  of  ohms 
on  the  other  hand,  the  speed  wonld  only  be  reduced  from  41  rev- 
olutions per  minute  to  40  revolutions  per  minute  which  change 
would  not  be  perceptible. 

I  have  gone  thus  fullj  into  the  detailed  figures  of  the  cases 
considered,  believing  that  the  radical  difference  detween  the  sys- 
tems of  control  can  only  be  appreciated  fully  by  such  concrete 
examples  as  I  have  given. 

I  now  desire  to  call  attention  to  the  fact  that  in  the  speed  con- 
trol by  ohms,  the  operator  can,  by  moving  the  lever  of  his  rheo- 
stat, change  the  volts  upon  m  as  fast  as  he  can  move  his  hand. 
This  is  a  frequent  cause  of  burning  out  of  armatures.  In  the 
case  of  a  reversing  rheo^itat,  the  instantaneous  throwing  of  the 
rheostat  lever  while  the  motor  is  at  full  speed  would  mean  that 
double  the  line  k.  m.  f.  would  be  acting  to  send  a  current  through 
merely  the  ohmic  resistance  of  the  arniature,  for  the  reversal  of 
the  rheostat  switch  would  cause  the  line  and  niot<ir  k.  m.  f.'s  to 
act  in  the  same  instead  of  counter  directions. 

When,  however,  the  change  in  k.  m.  f.  at  the  motor  is  due,  as 
in  the  case  of  Fig  1,  to  a  change  of  field  magnetism,  the  instan- 
taneous throwing  of  the  lever  of  the  controller  does  not  result  in 
an  instantaneous  change  of  e.  m.  f.  at  m  ;  for  a  change  of  current 
through  the  field  of  «  results  in  a  gradual  although  sufficiently  rapid 
change  of  k.  m.  f.  at  the  brushes  of  g,  and  hence  the  armature  of  m 
has  a  chance  to  accelerate  and  develop  a  counter  k.  m.  f.  which  in 
practice  will  never  be  greatly  different  from  that  impressed. 
Even  an  instantaneous  reversal  of  the  connec^tions  of  o  can  be 
made  in  ordinary  practice  without  any  detrimental  result  upon 
the  genemtor  or  motor,  because  of  this  appreciable  time  required 
to  reverse  the  magnetism  of  o.  By  various  well  known  methods 
the  time  required  for  this  reversal  of  magnetism  can  be  varied 
over  wide  limits. 

Fig.  2  shows  the  changes  in  connections  of  Fig  1  necessary  for 
the  operation  of  a  motor  whose  motion  is  to  be  reversed. 

Fig.  3  shows  a  modification  of  the  general  system  in  which  the 
source  of  k.  m.  f.  is  composed  of  several  different  generators  in 
series  with  each  other  and  having  a  system  of  several  conductors, 
upon  each  of  which  a  different  constant  potential  is  maintained, 
so  that  by  connecting  the  motor  armature  across  different  con- 
ductors, different  e.  m.  f.'s  are  obtainable  at  the  motor  armature. 
With  two  generators  and  three  conductors  we  can  obtain  three  re- 
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versible,  different  automatic  speeds.  Similarly,  with  three  gen- 
eratore  and  four  conductors  we  can  get  six  reversible,  different 
Automatic  speeds.  This  modification  of  the  system  is  especially 
suited  to  the  distribution  of  power  in  an  isolated  plant  snch  as  a 
large  manufacturing  establishment. 

]  now  come  to  the  nioditicatioii  of  the  b.  h.  p.  system  of  motor 
«peed  eoutrol  in  wliidi  the  substitution  of  e.  h.  v.  for  ohms  in 
the  motor  circuit  for  the  purput>e  of  controlling  its  speed,  is  most 
conspicuous. 

We  found,  when  considenug  the  case  of  the  rheostat  control 
with  the  motor  running  At  I-^IO  ^peed  and   wit)i   100  f 


through  ir.  that  the  rlieostat  liad^to  absorb  and  dissipate  100  am- 
peroK  X  220.5  =  22,050  watts  while  only  2,450  wattn  were  util- 
ized in  the  ni(»tor. 

Aa  has  l>een  shown,  thiu  lo^s  in  the  rheot>tat  is  troublesome, 
not  only  because  of  the  waste  of  energy,  but  especially  because 
of  its  interference  with  all  positive  control. 

Evidently  what  is  needed  is  to  substitute  for  the  rheostat  u 
device  which  will  absorb  the  220.5  volte  and  100  amperes,  and, 
instead  of  wasting  them,  convert  them  into  useful  work. 
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Fig.  4  shows  how  this  is  accomplished  by  one  modification  of 
the  B.  M.  F.  system  of  motor  speed  control. 

G  is  a  soarce  of  125  volts  constant  e.  m.  f. 

8  is  a  shunt-wonnd  dynamo  connected  across  the  constant 
K.  M.  F.  and  hence  running  at  a  constant  speed. 

B  is  a  dynamo  mechanically  connected  to  drive  or  be  driven  by 
s,  and  running  at  a  practically  constant  speed. 

The  field  of  b  is  excited  by  the  main  h'ne  e.  m.  f.  and  is  inde- 
pendent of  the  B.  M.F.  of  its  armature  and  of  the  current  through 
its  armature.      It  has  a  variable  and  reversible  field  rheostat  in 
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circuit  by  nieaim  of  which  the  magnetism  of  the  field  of  b  may 
be  varied  and  reversed  at  will. 

M  is  the  working  motor.  Its  armature  is  in  series  with  the 
armature  of  r  across  the  line.  Its  field  is  excited  by  the  main 
line  B.  M.  F.  and  hence  is  independent  of  the  e.  m.  f.  or  current 
of  the  armature  m. 

I^t  us  suppose  that  the  armature  of  s  is  wound  for  125  volts 
and  100  amperes.  The  armature  of  r  for  125  volts  and  100  am- 
peres, and  the  armature  of  m  as  in  the  former  illustration  for  850 
volts  and  100  amperes. 
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I  will  neglect  the  armature  losses  for  the  sake  of  simplicity, 
and  because  they  do  not  materially  aflfect  the  conclusion. 

Suppose  that  as  before  we  want  to  •run  m  at  one-tenth  of  full 
speed  under  full  torque,  full  speed  being  500  revolutions  per 
minute  and  corresponding  to  245  volts  counter  k.  m.  f.  and  full 
torque  being  that  due  to  100  amperes  in  the  full  field. 

At  first  let  us  have  the  rotary  transformer  rs  so  adjusted  that 
the  fields  of  r  and  of  s  are  both  fully  excited.  £ach  end  takes  a 
slight  current  through  its  armature.  Both  ends  are  motors,  and 
they  divide  between  tliem  the  friction  load. 

Now  let  us  weaken  the  field  of  r  until  its  field  strength  is  only 
nine-tenths  of  its  full  strength.  In  this  weaker  field,  r  tends  to 
run  faster;  but  in  doing  so  it  is  obliged  to  drive  faster  the  arma- 
ture of  s,  whose  counter  k.  m.  f.  has  been  almost  equal  to  that  of 
the  line. 

The  dynamo  s  now  acts  as  a  generator  and  has  two  paths  open 
for  its  current,  the  first  being  the  circuit  through  the  generator  q 
and  the  other  path  being  in  the  closed  loop  through  r  and  m. 

The  K.  M.  F.  of  G  balances  that  of  s,  but  the  e.  m.  f.  of  r  which 
formerly  was  equal  to  that  of  o  and  also  that  of  s,  has  been  re- 
duced by  the  weakening  of  its  field,  hence  s  sends  a  large  cur- 
rent through  the  local  circuits  1,  2,  3,  4,  causing  a  large  torque  m 
the  armature  of  m,  in  its  constant  field,  m  evidently  will  run  at 
a  speed  such  that  its  (rounler  k.  m.  f.  plus  that  of  r  equals  the 
line  K.  M.  F. 

£xpressinfi:  the  conditions  in  figures  under  the  assumption 
made,  there  will  be  upon  the  terminals  of  m,  25  volts  and  through 
its  armature  100  amperes,  that  is,  a  total  of  2500  watts  in  the 
armature  of  m.  The  armature  of  r  will  have  125—25  =  100 
volts  and  100  amperes  or  10,000  watts,  and  the  armature  of  s  will 
have  125  volts  and  SO  amperes,  that  is  10,000  watts 

The  generator  g  produces  20  amperes  at  125  volts  or  2,600 
watts,  which,  by  the  method  described,  is  transformed  into  25 
volts  and  100  amperes  at  the  working  motor. 

By  continuing  the  weakening  of  the  field  of  r,  we  finally  have 
a  field  of  no  strength,  and  hence  r  becomes  inert  and  we  have 
the  full  line  e.  m.  f.  of  125  volts  upon  the  250-volt  motor  m, 
which,  consequently,  runs  at  half  speed.  Under  these  conditions 
no  energy  is  transformed  by  the  rotary  transformer  rs.  If,  now, 
we  reverse  the  connections  leading  current  to  the  field  of  r,  and 
send  a  gradually  increasing  current  around  its  field,  its  voltage  is 
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added  to  that  of  the  line  instead  of  being  counter  as  heretofore, 
until  finally  its  full  voltage  of  125  being  added  in  series  with  the 
line  E.  M.  F.  of  125  volts  we  have  upon  m,  250  volts  and  it  runs  at 
its  full  speed.  While  r  is  thus  adding  to  the  line  volts,  it  of 
course  is  acting  as  a  generator  instead  of  a  motor,  which  it  for- 
merly was,  and  is  now  driven  by  s,  which  acts  as  a  motor  instead 
of  a  generator. 

I  call  attention  to  the  fact  that  the  current  capacity  of  all  three 
Urmatures,  k,  s  and  m,  is  equal,  but  the  full  e.  m.  f.  of  r  and  s  is 
only  half  that  of  m,  which  means  that  the  k.  w.  capacity  of  r  and 
s  is  each  only  half  that  of  m. 

The  rotary  transformer  r  can  also  be  designed  to  run  at  much 
liigher  speed  than  is  demanded  for  the  working  motor,  since  it 
can  be  perfectly  balanced,  and  is  free  from  any  side  or  end 
thrusts  and  has  a  minimum  friction. 

There  are  other  modifications  of  the  k.  m.  f.  system  of  motor 
speed  control  which  I  am  not  able  to  describe  at  present,  but  a8 
in  the  case  of  those  described  above,  the  underlying  feature  is, 
to  insert  or  cut  out  k.  m.  f.  instead  of  ohms  in  the  armature  cir- 
cuit of  the  motor  when  we  wish  to  change  its  speed. 

Since  many  have  thought  this  system  of  motor  speed  control 
limited  to  a  few  peculiar  cases,  and  also  limite<l  to  peculiar  kinds 
of  generators  and  motors,  I  give  in  the  table  below,  instances 
within  my  own  knowledge,  showing  the  kind  of  machinery 
operated  and  the  size  and  make  of  the  motor  used : 


Kind  of  Machinery  Operated. 


Travclinjr  Cranes. 

■  Passengei  Elevators. 

Mining  Hoists. 

Turrets  on  Men-of-War. 
jRillrt  Shifter  in  Kollini;  Mill. 

Heilmann  Locomotive. 

Cloth  Printing  Press. 

Newspaper  Printing  Press. 
!  Universal  BonnK  Machine 


Size  of  Motor. 


I  K .  \^ .  to  50  K .  w . 

I 

I 
I 

I 

15  K.  W.  to  40  K.  W. 
10  K.  W.  to  125   K.  ^. 


I 

130  K.  >V. 


8  uf  50  K.  w    each. 

»5  K.  W. 
50  K.  W. 
5  K.  W. 


Maker  of  Motor. 


Crocker-Wheeler,  Eddy.  Edison. 
WaddelUEntz,  Hillbcrg.  C.  &  C, 
Wcstinghouse. 

Rdi^on,  Eiclicmeycr.  « 

C.  &  (\,  Crocker- Wheeler. 

General  Electric. 

i  Crocker- Wheeler. 

Brown. 

Edison.  General  Electric. 

r'nknowti. 

Unknown. 
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D18OD88ION. 

Mr.  G.  S.  Ddnh  : — This  method  of  control  is  so  perfect  that  it 
ought  to  be  developed  so  as  to  be  applicable  to  most  of  the  prob- 
lems we  have  to  deal  with.  What  has  stood  in  its  way  has  been 
high  first  cost.  The  method  that  Mr.  Leonard  has  shown  to-night 
is  important  because  of  bringing  the  first  cost  of  extra  or  regu- 
lating apparatus  down  one-half.  He  has  indicated  how  the  cost 
can  be  still  further  reduced  by  running  the  motor-generator  at  a 
high  speed,  which  is  permissible  because  it  is  not  in  cimnection 
with  any  other  machinery.  I  desire  to  point  out  that  even  a 
further  reduction  of  cost  can  be  made  if  there  should  te  demand 
sufficiently  great  to  warrant  the  design  of  special  motor-dynamos. 

Where  control  is  needed,  the  work  is  usually  intermittent.  If 
advantage  is  taken  of  this  fact,  a  motor  dynamo  can  be  designed 
small,  whose  sparking  Ihnit  of  load  is  much  out  of  proportion  to  its 
heating  limit.  This  will  permit  it  to  handle  the  currents  deman- 
ded without  sparking,  while,  on  account  of  the  intermittent 
character  of  its  work,  it  will  not  become  too  hot.  For  a  given 
output,  machines  of  this  type  could  be  made  considerably  clieaper 
than  the  standard  machines  which  now  have  to  be  used.  This 
would  bring  the  method  of  control  very  much  closer  to  general 
usefulness  than  now,  and  I  do  not  doubt  before  very  long,  such 
special  motor-dynamos  will  be  put  on  the  market. 

Dr.  C.  T.  Hutchinson  : — J  think  we  will  all  admit  that  the 
tnethod  of  control  exhibited  here  is  very  pretty.  I  am  quite  sure 
no  motor  armature  can  be  controlled  (juite  as  nicely  by  any  other 
method ;  but,  as  Mr.  Duim  has  just  suggested,  the  whole  question 
of  its  practicability  is  one  of  cost — not  first  cost,  to  my  mmd,  but 
cost  of  operation.  I  doubt  very  nmch  if  the  cost  of  o|)eration  of 
the  apparatus  of  this  kind  can  be  brought  down  as  low  as  with 
the  more  usual  method  of  control.  Every  time  this  matter  has 
come  up  before,  I  have  taken  the  i)osition  that  this  is  the  least 
economical  method  of  operation,  and  I  am  still  of  that  opinion. 
I  saw  Mr.  Leonard's  paper  a  day  or  two  ago,  and  to  get  an  idea 
of  what  was  being  done  I  have  examined  some  of  the  plants  in 
the  city  running  with  this  general  method  of  control,  not  pro- 
cisely  similar,  but  on  the  same  lines  as  Mr.  Leonard's  method; 
and  of  one  case  in  particular  — that  of  the  New  York  Clear- 
ing House  plant — where  an  elevator  is  running  on  this  plan,  I 
wish  to  speak.  Here  there  are  four  small  sidewalk  elevators 
used  for  bullion,  and  having  a  direct  rheostat  control  in  the 
armature,  and  one  large  passenger  elevator  with  this  motor- 
generator  control.  To  run  this  plant  there  is  an  engine  con- 
nected directly  to  a  large  dynamo  of  50  kilowatts  supplying 
merely  the  power  circuits,  and  not  the  lights  of  the  building  at 
all.  A  large  part  of  the  time  only  the  one  passenger  elevator  is 
in  use,  and  to  run  it  there  is  the  engine  and  large  generator 
driving  a  motor,  which  in  turn  drives  a  generator  with  variable 
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field ;  this  in  its  turn  drives  the  hoisting  motor:  that  is,  a  series 
of  five  pieces  of  machinery — one  engine  and  four  electrical 
machines  are  used  for  one  elevator.  When  I  was  in  the  building 
nothing  was  running  but  tbe  passenger  elevator,  and  the  five 
pieces  of  machinery  were  in  use  to  run  that  one  elevator.  The 
generating  set  has  to  run  whenever  the  building  is  open,  say 
from  eight  o'clock  in  the  morning  until  six  o'clock  at  night. 
That  is,  an  engine  of  75  h.  p.  with  large  generator  runs  10  or  12 
hours  a  day,  most  of  the  time  doing  nothing  but  friction  work,. 
but  standing  ready  to  supplv  power  to  the  elevator  whenever 
required.  .  I  venture  to  say  from  observations  that  I  made,  that 
the  ratio  of  work  done  on  the  elevators  to  the  w^aste  caused  i)y 
the  friction  of  the  generator  turning  all  the  time  is  considerably 
less  than  one-tenth;  the  all-day  efficiency  cannot  possibly  be  lo 
per  cent.  The  claim  is  made  for  this  method  of  control  that  the 
power  required  in  starting  the  car  is  very  much  less  than  it  is 
with  rheostat.  Judging  from  my  observation  of  the  same  plant, 
this  is  not  true ;  it  is  directly  the  reverse.  The  generator  was 
running  on  a  230-volt  circuit ;  in  starting,  the  car  required  from 
100  to  110  amperes,  say  an  average  of  105,  at  230  volts,  about  25 
kilowatts,  with  zero  volts  on  the  hoisting  motor  at  the  start; 
after  that,  current  hung  in  the  neighborhood  of  iOu  amperes  for 
a  little  time,  and  gradually  ran  down  to  40,  which  seemed  to  be 
about  the  average  current  for  hoisting.  In  stopping,  the  current 
fell  from  40  to  zero,  and  reversed  for  a  second  or  so.  In  starting 
down,  the  current  went  up  to  over  1<»0  amperes  at  first,  and 
fell  gradually  to  about  60  where  it  lingered  for  a  while  and  then 
gradually  fell.  On  starting  the  elevator  up,  the  voltage  fell  from^ 
230  to  190 ;  and  on  stopping,  it  ran  up  above  250 ;  on  starting 
the  elevator  down,  it  fell  to  about  180  and  then  ran  up  again  to 
250  on  stopping.  Jn  other  words,  the  range  was  from  \bO  to  250, 
or  70  volts,      it  is  this  irregularity  that  necessitates  the  separate 

fenerator  for  power,  with  another  running  alongside  of  it  for 
ghts.  The  power  required  to  start  the  car  is  much  greater  than 
would  be  required  to  start  the  same  car  with  rheostat  control. 
There  is  no  difficulty  in  starting  such  a  ear  with  a  75  per  cent, 
increment  over  running  power,  and  possibly  with  less.  The 
starting  and  stopping  of  this  elevator  is  extremely  pretty  ;  but 
the  speed  is  not  high,  and  the  acceleration  is  very  slow,  and  I 
doubt  the  practical  value  of  it. 

Another  case  is  the  Fahys  Building  in  Fulton  Street.  In  this 
the  plant  is  arranged  differently  ;  there  are  three  elevators  and 
three  separate  generating  sets,  each  comprising  an  engine  and 
generator,  driving  a  car  motor,  the  field  of  the  generator  being 
varied.  Here  they  run  from,  say,  eight  or  nine  o'clock  in  the 
morning  to  five  or  six  o'clock  in  the  afternoon — three  engine  sets 
turning  around  idly  from  morning  till  night.  Some  tests  of  thia 
nlant  have  been  published.  These  show  a  friction  card  of  about 
five  H.  p.,  i.  e,,  about  50  h.  p.  hours  of  wasted  work  per  day.     The- 
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average  total  power  required  for  hoisting  was  about  12  ii.  p., 
leaving  7  h.  p.  for  the  net  work  on  the  elevator.  It  is  improbable 
that  power  is  used  for  more  than  one  hour  daily  in  the  aggregate : 
this  makes  7  h.  p-  hours  used  usefully,  as  against  60  h.  p.  hours 
wasted, — an  efficiency  of  12  per  cent. 

Another  plant  on  exactly  the  same  lines  is  in  the  Sampson 
Building  in  Wall  Street,  where  there  are  three  separate  sets,  each 
with  engine,  generator  and  motor  for  three  elevators. 

I  am  sorry  Mr.  Leonard  has  not  given  us  any  results  of 
operation.  I  would  like  very  much  to  have  him  give  some  figures 
which  would  give  some  slight  idea  of  the  engineering  feasibility 
of  the  thing  beyond  the  mere  illustration  of  the  method  of  control. 

Mb.  F.  a.  Pattison  :— I  am  in  the  same  condition  of  mind  as 
Dr.  Hutchinson.  I  have  always  admired  very  much  the  great 
facility  of  control  shown  by  this  method,  but  have  never  been 
able  to  dissuade  myself  from  the  opinion  that  it  is  a  very  expen- 
sive plant  to  operate. 

It  was  my  good  fortune  to  be  able  to  compare,  under  y^ry 
favorable  circumstances,  the  running  of  the  different  motors  with 
practically  the  same  load  in  the  Clearing  House  building  in  this 
city,  one  under  Mr.  Leonard's  system  of  control — the  main  ele- 
vator, and  the  other  with  a  load  of  coin  said  to  be  about  the  same 
weight,  operated  by  the  usual  method.  This  comparison  showed 
that  the  elevator  operated  by  Mr.  Leonard's  system  required  very 
much  more  current  for  a  round  trip  than  the  coin-lift  operated 
under  the  general  method. 

Another  plant  that  I  was  interested  in  was  that  of  the  New 
York  Herald.  But  here,  instead  of  having  an  engine  to  drive 
the  generator,  we  had  a  motor  connected  with  the  street  current. 
It  was  found  that  in  order  to  cut  down  the  expense  it  was  advis- 
able to  have  a  switch  inserted,  so  that  when  the  elevator  was  not 
in  use,  this  switch  would  be  thrown  and  the  current  cut  off.  This 
was  done  in  order  to  cut  down  the  bill  for  simply  running  the 
machinery,  that  is,  when  it  was  doing  no  work ;  and  to  this  day 
the  elevator  is  operated  in  that  way.  When  the  elevator  boy 
wants  to  use  the  elevator,  he  rings  a  bell  and  the  current  is  thrown 
on  in  the  basement,  and  it  pays  them  to  operate  it  in  that  way 
rather  than  to  keep  this  macliinery  running  while  doing  no  work 
and  paying  the  bills  on  the  meter  basis. 

Mr.  James  Burke:— I  am  interested  in  this  question  from  a 
historical  standpoint,  and  have  investigated  as  to  wnen  this  method 
was  first  used ;  the  result  may  be  of  interest. 

In  1886  a  system  was  in  use  in  which  an  Edison  dynamo  was 
used  as  a  generator,  and  a  30  ii.  p.  motor  was  operated  therefrom, 
the  starting  and  variation  in  speed  of  the  motor  were  controlled 
by  the  strength  of  field  of  the  Edison  dynamo. 

In  IS 79  a  system  was  in  use  in  which  the  speed  of  the  motor 
was  controlled  by  varying  the  voltage  of  the  generator  supplying 
this  motor ;  the  voltage  of  the  generator  in  this  instance  was  re- 
gulated by  varying  the  speed  of  the  engine  driving  it. 
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In  1877  a  system  of  control  was  in  use  in  which  the  speed  of 
the  motor  was  varied  by  operating  from  two  generators,  the 
voltages  of  which  were  worked  in  series  after  the  motor  was  under 
wav. 

In  1874  a  system  was  in  use,  in  which  200  cells  of  battery  were 
utilized  for  supplying  current  giving  nearly  400  volts.  The 
motor  was  started  by  nrst  connecting  it  across  a  few  of  these  cells 
and  then  gradually  switching  in  more  cells  until  finally  the  whoh^ 
number  was  working  in  series. 

In  1872  pumps  were  operated  in  New  Vork  by  electric  motors. 
The  motors  were  supplied  with  current  from  batteries  so  arranged 
as  to  connect  more  or  less  of  them  in  series  as  live  conditions  of 
operation  required. 

In  all  the  mstances  above  referred  to,  the  speed  of  the  motor 
was  controlled  by  variations  of  the  voltage  of  the  supply  circuit, 
instead  of  by  using  resistance  in  series  with  the  motor.  Thus  the 
control  was  by  voltage  rather  than  by  ohms. 

Mr.  Charles  P.  Stkinmktz  : — There  are  two  featnres  mentioned 
in  this  paper  and  inherent  to  the  method,  which  have  not  yet  been 
fully  brought  out.  The  one  is  the  very  gradual  and  easy  start 
which  may  be  made,  irrespective  of  all  questions  of  efficiency, 
which  is  of  great  advantage  for  passenger  elevators — not  so  much 
for  freight  elevators.  1  remember  a  number  of  instances  where 
this  svstem  was  installed  for  first-class  elevator  service  in  order  to 
get  a  gradual  and  easy  start. 

Another  feature  of  the  system  is  the  ability  to  control  the 
epeed  perfectly  and  to  maintain  it  constant  at  a  very  low  value, 
irrespective  of  variations  of  toroue.  This  is  a  very  important 
matter  in  certain  instances,  as  lor  printing  pres^ses  and  so  on, 
where  it  ^  necessary  sometimes  to  run  at  very  low  but  constant 
speed,  which  is  not  possible  with  rheostatic  control,  since  by 
rneostatic  control  for  very  low  speed,  tay  10  per  cent,  of  full 
epeed,  the  speed  fluctuates  excessively  even  for  small  variations 
of  load. 

Where  a  speed  variation  of  only  25  per  cent,  or  so  is  needed, 
it  can  generally  be  accomplished  by  controlling  the  motor  field, 
but  very  wide  ranges  of  speed  cannot  be  covered  thus. 

In  these  two  cases  it  is  not  so  much  a  question  of  economy  or 
of  elHciency,  nor  of  tlie  first  investment  or  the  cost  of  operation, 
but  the  necessity  of  securing  a  method  of  very  gradual  accele- 
ration, or  a  constant  speed  irrespective  of  torcjue  at  a  very  low  as 
well  as  a  high  value  of  speed. 

Mr.  K.  1.  Lozikr: — In  operating  large  printing  presses  one 
other  consideration  is  to  be  taken  into  account,  and  that  is  the 
enormous  starting  torque  that  the  pres«  recpiires.  When  it  is 
new,  it  sometimes  requires  as  much  as  tive  times  as  high  as  the 
running  torque,  and  I  do  not  think  that  with  Mr.  Leonard's  sys- 
tem of  control  it  is  possible  to  provide  for  that  starting  torque. 
So  for  printing  press  work,  it  would  be  necessary  to  supply  some 
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•mechanical  method  for  what  is  known  as  ''slow  motion,"  and 
which  might  also  be  employed  as  leverage  to  overcome  the  heavy 
starting  torque. 

Having  such  device  it  would  hardly  seem  practical  to  have  an 
independent  engine  and  generator,  and  throw  a  load  on  the  engine 
of  3  or  400  per  cent,  momentarily — supposing  that  this  starting 
torque  is  necessary  for  that  purpose — it  would  seem  that  this 
mechanical  slow  motion  might  be  accomplished  at  a  ratio  of  20  to 
one.  Then  some  form  of  rheostatic  control  in  conjunction  with 
that  slow  motion  would  seem  to  serve  the  purpose 

If  it  were  not  for  the  high  starting  torque  1  should  say  that  the 
Leonard  system  for  large  printing  presses  was  an  ideal  method  ; 
providing,  of  course,  people  are  willing  to  pay  the  additional  first 
cost,  beciiuse  the  printing  presses  when  once  started  run  at  full 
normal  load,  and  tiie  generating  apparatus  is  again  working  at  its 
highest  efficiency. 

One  thing  1  have  found  in  printing  press  work,  and  that  is  that 
all  the  presses  will  strike  a  mean  load,  so  that  taking  the  normal 
rating  of  the  motors  you  will  find  that  the  load  on  the  generators 
is  fairly  constant  at  perhaps  60  per  cent,  of  the  power  required,  if 
all  the  presses  were  running  at  once  at  their  full  capacity. 

Mr.  William  Klmkr,  Jr.: — It  strikes  me  that  the  last  speaker 
lias  confused  starting  torque  with  ii.  p.  I  do  not  think  the  ir.  p. 
required  from  the  engine  is  anything  like  the  amount  which  he 
seems  to  have  in  his  mind.  The  starting  current  may  be  large^ 
but  if  the  voltage  is  small,  the  power  is  also  small. 

Mr.  R.  T.  I^zikr:  —Hoe  &  Co.  are  unable  to  start  a  sextuple 
press,  if  1  am  not  mistaken,  with  a  12-inch  belt,  but  they  first 
start  it  through  their  slow  motion  mechanism  running  with  a  five 
or  six  inch  belt.  The  12-inch  belt  drives  the  main  shaft  200 
revolutions ;  the  slow  motion  is  10  revolutions.  The  long  train  of 
gears,  ink  rollers  and  the  type  plates  setting  down  on  the  blankets 
form  an  enormous  resistance  to  overcome  m  starting.  The  start- 
ing torque  is  of  short  duration,  really  a  peak  if  you  should  diagram 
the  loaa. 

I  know  of  one  instance  where  the  Leonard  system  was  used  on 
printing  presses,  and  abandoned  on  account  of  the  excessive 
starting  loads  of  the  press.  Rheostatic  control  is  now  used  in 
that  particular  instance,  with  a  separate  belting  system,  and 
operating  through  mechanical  slow  motion. 

Mr.  Leonard: — In  reply  to  what  has  been  said,  1  will  say  it  is 
no  doubt  true  that  conditions  can  be  obtained  under  which  this 
system  would  be  absolutely  worthless.  These  conditions  exist  in 
such  a  plant  as  that  of  the  N^ew  York  Herald  which  has  been 
cited.  They  apparently  also  exist  in  the  case  of  the  New  York 
Clearing  House,  also  refei  red  to.  To  take  an  elevator  that  is 
to  be  operated  once  or  twice  a  day,  and  that  has  no  desirability 
of  high  speed  nor  control,  and  with  very  short  lift,  such  as  the 
Jlerald   which   is    extremely   short,  and  to  attempt  to  apply  a 
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method  whose  chief  virtue,  if  it  has  one,  is  the  susceptibility  of 
perfect  control  at  high  speed,  is  of  course,  creating  conditions 
which  are  the  very  best  possible  to  make  the  method  worthless. 
1  do  not  know  anything  about  the  Clea»ring  House  elevator,  for  I 
never  saw  it.  For  instance,  if  the  motor  generator  is  installed  for 
the  purpose  of  running  an  elevator  in  a  low  building,  such  as  the 
Hfirald  Imilding,  it  will  almost  invariably  be  the  case,  unless  the 
system  has  such  advantages  as  regards  the  perfection  of  operation 
and  control  and  freedom  from  accidents  and  repairs,  as  to  make  it 
of  comparatively  slight  importance  whether  ten  or  fifteen  dollars 
more  i)er  month  is  paid  for  coal,  that  no  such  motor  generator 
shoula  be  installed  ror  running  an  elevator. 

In  a  large  office  building  it  is  always  more  economical  to  produce 
your  own  electricity  for  lighting  by  an  isolated  plant,  and  when 
a  plant  is  installed  tor  that  purpose  it  should  be  used  for  the  ele- 
vators, but  not  with  separate  engine  for  each  particular  generator, 
with  cut-off  varying  from  zero  to  full  load  ot  the  engine.  That 
is  such  bad  engineering  that  you  cannot  expect  to  gain  results 
from  any  system  under  such  conditions.  But  if  an  office  buildini^^ 
be  equipped  with  this  method  of  control  for  the  elevators,  witn 
perhaps  two  engines  so  arranged  as  to  have  directly  coupled  be- 
tween them,  on  a  shaft  joining  them,  the  necessary  generators  to 
take  care  of  the  lighting  and  elevators;  for  example,  one  gene- 
rator for  lighting  and  perhaps  three  for  the  elevators,  which 
would  be  a  common  plant ;  four  generator  armatures  mounted  on 
one  shaft  with  an  engine  on  each  end  and  with  a  coupling  between 
the  engine  and  shaft  at  each  end  and  perhaps  a  coupling  in  the 
centre  of  the  shaft ;  the  lighting  generator  supplies  the  necessary 
current  for  exciting  the  fields  of  the  elevator  generators  and  for  the 
field  of  the  motors  driving  the  elevators,  and  you  are  ordinaily  pro- 
ducing your  energy  then  in  one  cylinder,  and  your  other  engine 
can  be  made  available  to  work  in  conjunction  with  the  first,  or  you 
can  split  your  plant  in  the  middle  and  have  two  generators  on  each 
engine,  u  nder  conditions  of  that  character  this  system  would  show 
most  valuable  results.  The  best  indications  of  what  results  may  be 
obtained  if  the  load  upon  the  engine  be  reasonably  constant,  is  in- 
dicated by  the  fact  that  in  the  case  of  the  elevators  that  have 
been  cited  in  the  Fahys  Building,  in  which  there  is  an  individual 
engine  for  each  individual  generator,  the  maximum  power  in 
starting  is  about  12  ii.  r.,  and  the  running  it.  p.  at  full  speed  is  in 
the  neighborhood  of  about  15  h.  p.;  the  coal  bill  for  a  month  for 
running  three  elevators  and  for  all  the  lighting  in  the  building  is 
40  tons  of  pea  coal  per  month.  That  figure  1  think  will  compare 
favorably  with  the  lighting  and  elevator  service  in  any  other 
building  in  the  city,  and  yet  the  conditions  of  the  use  of  the 
method  of  control  for  the  elevators  are  extremely  unfavorable. 

The  figures  which  Dr.  Hutchinson  cited  I  cannot  answer,  be- 
cause they  api>ear  to  me  to  be  due  to  such  unusual  conditions, 
that  there  is  some  explanation  for,  which  can  only  be  known  to 
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himself.  The  idea  of  a  generator  being  run  by  this  system  from 
180  volts  up  to  250  volts  is  simply  due  to  conditions  that  are  in 
some  way  ridiculous  and  are  no  part  at  all  of  this  method  or  sys- 
tem, and  have  nothing  at  all  to  do  with  it.  I  do  not  know  the 
plant  that  he  speaks  of,  and  I  do  not  know  the  causes  leading  to 
the  results  which  he  has  stated,  if  they  be  as  he  has  stated  them. 
But,  of  course,  this  thing  has  been  discussed  before,  and  we  know 
his  views  in  regard  to  this  system  and  he  knows  mine,  and  not 
much  can  be  gained  by  discussing  the  matter  between  us  any 
farther.  But  in  the  plant  that  was  tested  in  the  Fahys  Building 
the  figure  of  that  test  as  to  the  kilowatt  hours  per  car  mile  run 
was  the  best  figure  that  has  ever  been  obtained  yet,  so  far  as  I 
know,  and  yet  the  conditions  were  unfavorable. 

As  to  the  historical  figures  which  have  been  given  by  Mr.  Burke, 
most  of  them  of  course,  are  well  known  facts  that  are  entirely  inde- 
pendent of,  and  have  no  relevancy  whatever  in  regard  to  this 
method  so  far  as  I  know.  This  method  does  not  claim  to  be  the  only 
thing  that  was  ever  done  in  the  way  of  varying  volts,  but  it  is 
limited  to  peculiar  methods  and  peculiar  combinations,  all  of 
which  are  radically  different  from  those  which  he  describes. 

Mr.  Lozier  has  evidently  a  very  confused  idea  in  regard  to  the 
question  of  torque  and  power.  If  there  is  any  one  thing  this 
method  will  do  it  is  to  create  an  enormous  torque  with  a  very 
little  power.  That  is  its  chief  claim ;  and  this  armature  here  can 
be  run  so  that  it  will  hardly  turn  over  and  yet  you  cannot  hold  it 
with  your  hands,  and  it  will  be  taking  a  very  few  watts  to  do  it. 
The  printing  presses  he  describes  are  not  as  bad  as  he  thinks,  and 
when  this  method  was  first  installed  in  1S91  it  was  upon  presses 
which  required  30  h.  p.  to  run  each  of  them  for  printing  calico ; 
and  yet  when  all  other  methods  by  a  rheostat  control  and  other 
methods  of  that  nature  had  utterly  failed  because  of  the  enormous 
power  required,  I  installed  this,  and  started  the  presses  invariably 
on  a  voltage  of  about  20  volts  on  an  armature  of  a  machine  whicn 
was  designed  for  126  volts  and  with  a  current  which  was  probably 
four  or  nve  times  the  current  of  full  torque,  because  the  men  that 
were  running  the  presses  were  not  favorably  disposed  to  the  sys- 
tem. They  have  seen  them  monkeyed  with  for  about  a  year  with 
electric  motors,  and  everything  had  failed,  and  when  I  succeeded 
in  starting  the  press  they  not  only  put  on  the  press  the  maximum 
torque  which  could  be  obtained  under  normal  conditions,  but  they 
screwed  the  rolls  down  to  such  a  degree  trying  to  stop  it,  that  the 
owner  of  the  plant  who  came  in  at  the  time  almost  discharged 
the  foreman  on  the  ground  that  he  had  sprung  the  frames  of  his 
machine. 

As  to  the  size  of  the  belt,  that  does  not  enable  vou  to  determine 
the  power.  The  belt  is  merely  the  measure  of  the  torque.  My 
belt  in  that  instance  was  about  12  inches,  and  I  had  to  get  it  as 
tight  as  a  fiddle-string,  because  my  motor  would  start  up  every 
time  and  the  belt  would  slip,  and  yet  1  was  using  only  about  four 


S04  LEONARD  ON  MOTOR  RKG  ULA  TION.  [Nov.  IB, 

H.  P.  Of  course,  a  belt  running  something  like  4,000  feet  per 
minute  can  transmit  a  great  deal  of  power,  but  when  running  slow 
will  do  very  little  as  remrds  power.  All  that  the  size  of  the  belt 
will  give  us  is  torque.  The  power  is  proportional  to  the  speed  of 
its  movement. 

As  to  the  printing  press  which  is  said  to  have  been  operated  by 
my  method  in  this  city  and  abandoned,  I  have  no  knowledge.  I 
do  not  know  where  it  is  or  what  it  is,  and  I  have  not  heara  any- 
thing of  the  sort  myself.  But  all  I  can  say  is,  that  if  it  was 
abandoned  solely  because  it  could  not  get  enough  torque  to  start 
the  press,  there  must  have  been  somebody  handling  it  that  did 
not  understand  the  method,  because  there  is  no  doubt  about  start- 
ing anything  that  the  armature  will  start  under.  The  torque  is 
practically  unlimited  because  you  hav^e  an  armature  starting  from 
dead  rest  with  a  current  which  can  be  increased  to  a  current  re- 
presented by  the  ohms  of  the  armature  divided  into  the  entire 
volts  of  the  line,  and  nothing  in  practice  ever  requires  such  a 
torque  as  that. 

As  regards  the  operating  cost  of  the  method  and  the  first  cost 
of  the  apparatus,  I  do  not  for  a  moment  grant  that  under  fair 
conditions  this  is  not  the  most  economical  plant  to  run,  but  I  do 
want  to  point  out  that  there  are  a  great  many  (uises  in  which  the 
first  cost,  and  the  cost  of  maintenance  are  not  the  considerations 
which  determine  the  choice  of  the  ai)[)ai'atus.  For  instance,  this 
method  has  been  used  for  the  handling  of  the  turrets  on  the  men- 
of-war.  If  anybody  thinks  that  turrets  can  be  satisfactorily 
handled  by  any  conceivable  system  of  rheostat  control  so  as  to 
enable  the  guns  to  hit  anything  when  you  get  ready  to  shoot,  all 
he  has  to  do  is  to  try  something  of  that  kind  or  watch  others  try 
it  to  leani  how  absolutely  im possible  it  is  to  have  perfect  control 
by  rheostats  when  you  have  a  motor  which  is  hardly  moving. 
When  you  have  to  start  up  under  the  inertia  and  sticking  of  the 
parts,  the  toniue  will  be  quite  high  and  a  large  portion  of  the 
rheostat  will  nave  to  be  cut  out  to  get  enough  current  to  start 
it.  The  minute  it  is  started,  the  torque  will  be  about  one-quarter 
of  what  it  was  and  then  the  motor  will  run  like  a  scared  cat. 
In  this  paiticular  case  rheostat  control  was  not  in  question ;  the 
question  was  simply  of  control  by  steam  as  against  control  by 
electricity.  My  method  of  control  was  used  as  representing  the 
possibilities  of  electrical  control,  and  the  steam  machinery  was 
the  result  of  a  large  number  of  tlie  best  engineers  of  the  country 
working  out  the  most  refined  methods  for  handling  things  of 
that  kind.  It  is  of  very  little  use  to  have  a  million  dollar  gun 
with  its  platform,  if  you  cannot  hit  anything  when  you  shoot. 
The  control  is  of  prime  importance,  and  the  question  whether 
the  method  costs  $100  or  $500  more  to  install  is  of  no  conse- 
quence, and  the  question  whether  it  costs  a  few  more  pounda 
of  coal  to  run  it  (which  we  will  assume  to  be  the  fact,  but  which 
I  do  not  grant  at  all,  understand  me)  does  not  make  any  difference 
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in  the  result  if  they  can  shoot  and  hit  something  every  time  they 
shoot  because  of  the  perfect  control,  or  if  they  can  shoot  more 
freanently.  This  method  was  tested,  and  it  was  found  that  they 
could  make  23  distinct  starts  and  stops  of  the  gun  under  perfect 
control  within  a  period  of  20  seconds,  and  not  move  the  gun  one 
degree.  The  steam  men  after  spending  a  long  time  getting 
every  possible  refinement  of  their  method,  finally  were  able  to 
accomplish  such  a  thing  as  that,  by  backing  and  filling  over  the 
line  for  five  nn'nutes,  while  by  that  time  the  object  they  were 
going  to  shoot  at  would  be  beyond  the  horizon.  That  is  one  case 
where  the  question  of  first  cost  and  economy  of  operation  are  of 
no  importance  as  compared  with  the  question  of  control. 

Another  case  that  I  have  already  spoken  of  is  the  question  of 
operating  printing  presses  of  large  size.  The  persons  who  have 
had  these  printing  presses  running  with  this  method  since  18^*1 
would  have  nothing  else  for  their  presses,  although  every  other 
method  that  was  conceivable  to  the  General  Electric  C'ompanv 
was  worked  upon  and  developed  to  the  highest  degree,  but  this 
method  was  installed  because  nothing  else  would  do  the  work 
satisfactorily.  Similarly  in  case  of  another  plant  that  is  at  this 
time  going  into  operation,  which  is  to  have  the  same  method  of 
control  for  the  same  purpose.  The  system  is  also  used  abroad  for 
the  handling  of  cloth  printing  presses,  and  I  think  I  am  safe  in 
saying  that  no  other  method  is  so  used.  Printing  presses  of  the 
ordinary  kind,  where  the  question  of  control  is  less  important 
than  in  the  case  of  printing  cloth,  are  being  run  by  rheostats,  but 
in  a  very  unsatisfactory  manner.  I  am  in  the  rheostat  business 
myself  and  will  be  delighted  to  build  them  for  anybody  and 
everybody  who  likes  them.  A  big  rheostat  is  bad  enough  where 
the  movement  of  the  lever  is  always,  in  one  direction  cutting  out 
resistance,  but  for  regulating  the  speed  of  a  motor  by  a  rheostat 
where  the  resistance  is  to  be  inserted,  there  is  so  much  sparking 
and  such  a  perfect  lack  of  control  that  it  only  means  that  the 
person  using  it  is  not  familiar  with  the  possibilities  to  be  accom- 
plished by  such  a  method  as  this.  Of  course,  if  you  have  a  shunt- 
wound  motor  and  then  have  some  kind  of  a  mechanical  reduction 
of  power  between  that  motor  and  the  press,  that  is  all  right,  and 
it  makes  a  first  class  system  which  will  give  most  satisfactory  re- 
sults; but  the  difficulty  is,  that  that  mechanical  gearing  is  the 
thing  that  all  mechanics  have  been  hunting  for  for  fifty  years  and 
have  not  found  yet,  and  it  looks  as  though,  for  big  power?^,  it  is 
about  as  far  off  as  when  they  started. 

Dr.  Hutchinson  has  asked  whether  I  cannot  give  some  liguns 
with  regard  to  the  results  of  operation  of  this  method  of  control. 
You  will  understand  that  this  is  the  first  time  this  new  system 
has  been  described  by  me,  and  it  has  not  been  much  used.  Two 
or  three  companies  have  made  use  of  it,  but  I  have  no  figures  at 
hand  bearing  upon  the  question  of  economy  as  yet,  but  since  the 
system  so  far  as  the  public  are  concerned  is  absolutely  new,  it  is 
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not  to  be  wondered  at  that  the  figures  are  not  thus  far  available. 
But  I  will  point  out  this ;  that  when  this  motor  under  this  system 
is  running  at  full  speed  only  one-half  of  the  energy  it  uses  is  con- 
verted, and  the  other  half  is  supplied  directly  from  the  line ;  when 
at  half-speed,  no  energy  is  converted ;  when  running  at  lowest 
speed,  it  is  true  that  nearly  all  the  energy  in  the  motor  armature 
is  converted — perhaps  one- tenth  or  one-twentieth  of  the  current 
comes  directly  from  the  line,  and  the  balance  comes  from  s  acting 
as  a  generator,  s  being  driven  by  this  other  machine  r  acting  as  a 
motor.  But  I  think  it  will  not  be  doubted  that  the  loss  in  the 
transformation  of  that  energy  cannot  compare  with  the  loss  in 
the  case  of  a  rheostat,  which  is  about  nine-tenths  of  your  total 
energy. 

Dr.  Hutchinson  : — Mr.  Leonard  abandons  all  the  elevators 
operated  by  his  system  which  lie  has  formerly  descril)ed  here, 
including  the  Fahys  Building;  the  New  York  Clearing  House 
he  has  never  seen;  it  is  of  course  abominable  engineering. 

Mr.  Leonard  in  his  remarks,  though  he  does  not  say  so,  seems 
to  imply  some  peculiar  virtue  in  the  increase  of  the  torque  of  the 
driving  motor.  You  can  get  just  as  great  torque  by  starting 
directly  from  the  line  as  you  can  by  that  system.      In   one   case 

Jrou  overload  the  line  generator,  and  in  the  other  case  you  over- 
oad  the  machine  s.  It  is  the  same  degree  of  overloading,  and 
the  only  question  is  of  line  drop.  There  is  no  peculiar  virtue  by 
which  the  driving  torque  can  be  multiplied  by  this  arrangement. 
As  I  understand  his  position  at  present,  he  does  not  make  any 
special  claim  for  economy  in  the  system.  Practically  he  admits 
tuat  economy  has  nothing  to  do  with  the  question,  but  that  where 
ease  of  manipulation  is  essential  or  to  be  desired,  that  this  system 
should  have  the  preference  over  any  other.  In  that  1  agree 
with   him  thoroughly. 

A  comparison  of  the  energy  expended  in  moving  a  ton  a  mile 
on  an  elevator  and  on  a  tramway  may  be  interesting;  for  an 
elevator  of  about  25  square  feet  platform  area,  running  about  250 
feet  to  the  minute,  it  requires  about  20OO  watt-hours  per  ton 
mile;  an  ordinary  tramcar  requires  about  300  watt-hours  per  ton 
mile.  This  is  due,  of  course,  to  the  average  50  per  cent,  grade  of 
,the  elevator  car. 

Mr.  Leonard  : — I  am  not  surprised  that  Dr.  Hutchinson  has 
retreated  from  the  position  which  he  assumed  a  few  months  ago 
when  he  made  comparisons  before  us  on  the  basis  of  kilowatt 
hours  per  car  mile.  The  reason  is  because  of  the  favorable 
showing  of  the  elevators  in  the  Fahys  Building,  where  tests 
showed  a  power  required  of  only  about  Oo  or  70  per  cent,  of  the 
most  favorable  figures  he  claimed.  That,  of  course,  makes  it 
necessary  for  him  to  change  tlie  basis  of  figuring.  He  knows  too 
well,  and  I  hope  none  of  you  will  be  misled  by  his  statement  as 
to  torque.  I  made  no  claim  of  securing  a  greater  torque  than 
<jan  be  obtained  directly  from  the  line.      What  I  claim  is,  that 
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this  system  secures  a  very  large  torqne  from  a  constant  potential 
system  with  very  small  amount  of  power,  which  cannot  be  done 
by  any  rheostat  system.  Of  course,  you  can  get  just  as  much 
torque  from  a  constant  potential  system  with  rheostat  control* 
It  is  purely  a  question  of  current  through  the  motor  armature  ; 
but  I  will  produce  that  current  for  starting  the  motor  with  one- 
twentieth  part  of  the  energy  required  in  the  case  of  rheostat. 

He  said  the  only  consideration  was  the  drop  in  the  line.  The 
drop  in  the  line,  while  important,  is  of  comparatively  slight  im- 
portance ;  the  power  used  and  the  control  are  the  main  factors. 

Another  point  which  has  not  been  mentioned  particularly  is 
the  question  of  restoration  of  energy  to  the  line.  Now,  I  cannot 
give  any  figures  for  this,  except  as  regards  elevators,  and  as  to 
elevators,  the  system  has  been  used  but  comparatively  little  and 
then  not  under  the  best  conditions ;  but  I  want  to  remind  you 
that  One  of  the  oldest  electrical  concerns  in  the  world,  an<J  one 
proven  to  have  the  best  judgment — the  Siemens  and  Halske 
Company — are  putting  in  plants  abroad,  employing  shunt-wound 
motors,  lor  the  reason  that  such  a  motor  has  the  power  to  restore 
some  energy  to  the  line.  This  is  a  very  important  matter,  and^ 
in  the  case  of  this  system,  can  be  brought  to  the  very  highest  degree 
of  perfection.  Of  course,  in  the  operation  of  this  motor  if  you  are  on 
long  runs,  without  stopping  or  starting,  the  transformer  would  be 
entirely  cut  out  of  circuit  and  not  in  service  at  all,  if  you  did  not 
need  the  boosted  volts  for  the  full  speed. 

Another  point  I  have  not  mentioned,  but  which  will  throw 
some  light  on  the  question  of  first  cost,  is  this : 

The  variation  in  speed  of  motors  to-day  is  accomplished  to  a 
certain  degree  by  the  variation  in  the  field,  and  all  that  can  be 
done  in  that  way  can  be  accomplished  as  an  additional  feature  for 
this  method.  By  weakening  the  field  of  s,  this  machine  m  will  go* 
faster  with  regular  normal  fields,  and  then  by  weakening  the  field 
of  M  we  can  go  still  faster.  So  that,  if  we  have  to  run  at  high  speed 
on  a  level,  where  the  torque  is  comparatively  small,  we  can  make 
use  of  an  apparatus  which  will  be  even  smaller  than  1  have  hinted 
at  in  the  paper,  by  reason  of  the  fact  that  the  current  can  be  held 
within  sparking  limits  even  in  the  weaker  fields  and  yet  give 
enough  torque  for  the  high  speed  service  on  the  level. 

Mr.  Oarichoff  : — I  wish  to  cite  another  example  where  the 
current  produced  by  shunt  wound  motors,  may  be  restored  to  the 
system.  In  the  Siegel-Cooper  building  there  are  16  passenger 
elevators,  capable  of  carrying  from  40  to  60  people  each.  They 
are  geared  to  carry  5,500  pounds  at  150  feet  per  minute.  The 
current  required  to  carry  5,000  pounds  net  on  the  hoisting  ropes 
of  one  of  these  elevators,  if  I  remember  rightly,  is  110  amperes : 
the  same  machine  on  the  down  trip  will  restore  60  amperes,  and 
as  all  of  the  elevators  are  connected  electrically,  one  machine  as- 
cending is  assisted  by  some  other  machine  descending. 

Ilalf  the  machines  going  up  and  half  coming  down  at  the  same 
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time,  require  25  amperes  average  per  machine,  each  with  5,000 
ponnds  net  on  ropes.  In  fact  this  whole  plant  consisting  of  16 
passen^rer  elevators  and  five  sidewalk  elevators,  runs  with  less 
than  400  amperes  of  current  at  23o  volts. 

The  elevators  run  about  150  feet  a  minute,  and  calculated  on 
above  basis  the  energy  required  is  3.4  kilowatt  hours  per  car  mile 
of  travel;  if  these  elevators  were  carrying  2,50o  pound  net,  and 
running^  300  feet,  they  would  require  only  1.7  kilowatt  hours  per 
car  mile. 

Similarly  the  same  number  of  foot  pounds,  viz:    150  X  5,000 

or  75,000,  may  be  resolved   on  a  properly  geared   machine  into 

1875  pounds  at  400  feet  per  minute,  and  the  energy  per  car  mile 

150 
becomes  3.4  X  —  or    1.27   kilowatts  per  car  mile  of  travel. 

400  ^ 

Again,  if  the  net  load  is  one  half  of  1875,  or  about  900  pounds  on 
the  ropes,  as  was  given  in  the  reported  test  of  \\\q  elevators  in  the 
Fah^^s  building,  the  energy  per  car  mile  of  travel  becomes  one- 
half  of  1.27  or  0.635  kilowatts  per  car  mile  of  travel. 

The  above  inferences  are  based  on  continuous  running  with 
constant  load.  Starting  and  st(>])ping,  and  changing  load,  will  of 
course  introduce  moditications. 

Allowing  50  per  cent,  increiv^^e  for  frec^uent  starting,  we  still 
have  less  tlian  one  kilowatt  per  car  mile  of  travel  for  a  group  of 
rheostat  controlh^d  elevators,  or  for  one  or  more  with  storage  bat- 
tery, operating  at  same  load  and  K|)ee(l  as  those  in  the  l^ahys 
building,  against  2.7  kilowatt  hours  per  c^ir  mile  as  reported  in  a 
test  of  that  plant,  for  a  tunnhuiafion  that  doe^'i  ?iot  tcciste  ener</y 
hi  7*€si stance.  It  must  be  borne  in  mind  that  the  load  here  con- 
sidered is  the  net  pounds  on  the  hoisting  ropes ;  the  weight 
carried  in  the  car  maybe  more  or  less  than  this  net  load  according 
as  the  system  is  over-counterweighted  or  under-counterweightea. 

Mr.  Leonard: — The  test  of  tlie  elevators  in  the  Fahys  Build- 
ing showed  2.7  kilowatts  per  car  mile ;  but,  of  course,  what  figure 
we  might  get  is  one  of  those  things  we  can  all  guess  at.  I  tmnk 
that  the  last  s])eaker  said  1.7,  well,  I  guess  that  with  my  system 
and  with  the  16  elevators  all  driven  by  one  common  source  of 
power  the  figure  would  be  cut  down  to  1.2. 

Dr.  Hutchinson  : — Mr.  Leonard  ignores  the  fact,  in  dainjing 
that  he  gets  his  torque  with  less  power  at  the  main  machines, 
that  in  the  case  I  cited,  the  New  York  Clearing  House,  this  is 
not  true.  He  brushes  aside  my  figures,  by  saying  something  was 
wrong, — in  which  I  agree  with  him  ;  it  is  his  system.  1  repeat, 
at  this  plant  the  starting  current  is  over  100  amperes,  at  230  volts, 
for  a  car  having  about  25  scjuare  feet  floor  area,  running  empty 
and  accelerating  slowly. 

Mr.  R.  T.  Lozier  : — Mr.  Leonard  is  of  course  quite  correct  about 
the  starting  torque  not  representing  the  n.  p.  obtained  by  multiply- 
ing the  amperes  taken  in  starting,  and  full  voltage  at  terminalB 
when  motor  is  running  at  full  speed.     I  have  observed  with  him 
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both  the  amperes  and  volts  on  one  of  these  large  presses  at  start- 
ing and  when  running  at  fnll  speed. 

I  think  that  every  manufacturer  of  dynamos  and  motors  is  in 
favor  of  the  Leonard  system,  because  by  its  installation  we  sell 
more  dynamos  and  motors — provided  we  can  get  them  in.  Let 
me  state  that  in  the  instance  cited  where  his  system  was  used  and 
abandoned,  I  did  not  make  the  trial. 

Mr.  Leonard: — About  that  system  that  was  installed  and 
given  up ;  that  rankles  a  little  bit ;  I  don't  know  where  it  is  or 
what  it  is,  but  if  it  is  the  printing  press  which  1  rather  fancy  it 
to  be — and  I  think  I  have  some  confidential  information  which 
enables  me  to  locate  it — ^it  is  a  case  in  which  there  was  used  a 
generator  built  some — 20  years  ago  I  was  going  to  say,  but  at  any 
rate  a  great  many  years  ago — of  a  type  that  is  obsolete,  and  not 
one  that  was  well  adapted  to  large  fluctuating  currents.  It  has  a 
very  small  commutator,  the  type  of  commutator  in  vogue  in 
1885.  It  was  not  a  generator  such  as  would  be  suitable  for  run- 
ning anv  kind  of  elevator  or  printing  press,  if  it  is  tlie  case  1  think 
of:  and,  it  may  be,  the  fact  that  the  old  generator  was  used  for 
the  purpose,  rather  than  a  generator  of  modern  design,  will  ac- 
count for  its  not  beino:  satisifactorv  and  therefore  abandoned. 

[Adjourned.] 


AMERICAN  INSTITUTE  OF  ELECTRICAL 

ENGINEERS. 


New  York,  December  16th,  1896. 

The  tilth  meetine  of  the  Institute  was  held  this  date  at  12, 
West  31st  street,  and  was  called  to  order  by  President  Duncan 
at  8  p.  M. 

The  Secretary  annonnced  the  election  of  the  following  asso- 
ciate members  by  the  Executive  Committee  at  the  meeting  in 
the  afternoon. 

Name.  Addren.  Endorsed  by. 

Adae»  Chis.  Flambn.    X-Ray  Laboratory,  P.  0.  Box,  2800  ;    A.  L.  Riker. 

residence,    36    West   85th  Street,    T.  L.  Proctor. 
New  York  City.  W.  L.  BUss. 

Blunt,  William  W.      Electrical   Engineer,    Westinghouse    Cbas.  F.  Scott. 

Electric  Co.,  Ltd.,  82  Victoria  St.,    A.  J.  Wurts. 
St.,  London,  Eng.  C.  A.  Bragg. 

Btbns,  Robert  A.         96  Ferry  Street.  H.  B.  Smith. 

Lafayette,  Ind.  E.  F.  Norton. 

W.  E.  Goldsborough. 

Chain,  John  Jat.  Electrician's  Helper,  Niagara  Falls    Edw.  L.  Nichols. 

Power  Co.,  Niagara  Falls,  N.  Y.        Harris  J.  RyaD. 

C.  P.  Matthews. 

Humphrey,  Henry  H.   Consulting      Electrical      Engineer,    F.  G.  Schlosser. 

Bryan  &  Humphrey,  Turner  Build-    J.  E.  Randall, 
ing,  St.  Louis,  Mo.  W.  F.  White. 

E[iTTLBR,  Dr.  Erasmus.  Elektrotechnisches  Institute,  Darm-    Carl  Hering. 

stadt,  Germany.  Ralph  W.  Pope. 

A.  A.  KnudsoD. 

Latham,  Harry  Milton.    Member   of   Engineering    Staff,    S  S.  Wheeler. 

Crocker- Wheeler     Electno     Co.,    Gano  S.  Dunn. 
Ampere,  N.  J.  F.  M.  Pedersen. 

Stewart,  Robert  Stuart.    Supt.  of  Lines,  Public  Ligliting    Alex  Dow. 

Commission,   440  Jefferson   Ave.,    C.  F.  Bracket t. 
Detroit,  Michigan.  Jesse  M.  Smith. 

Sutton,  Frank.  Consulting  Engineer,  M.  I.  Pupin. 

27  Thames  Street,  F.  B.  Crocker. 

New  York  City.  Max  Osterberg. 
Total  9. 

401 


402  A880CIATB  MBMBBRS  TRANSFERRED,  [Dec.  16, 

TRANSFERRED  PROM  ASSOCIATE  TO  FULL  MEMBERSHIP. 


Approved  by  Board  of  Examiners,  November  11th,  1896. 

1/OOMis,  0.  P.  Electrical  Engineer,  Bound  Brook,  N.  J. 

iScBOEN,  A.  M.  Electrician,  So.  Ea^stern  Tarifl!  Association,  Atlanta, 

Ga. 

iFiELD,  H.  G.  Consulting  Electrical  Engineer,  Detroit,  Mich. 

!McMeen,  S.  G.  Engineer.  Central  Union  Telephone  Co.,  Chicago,  111. 

.McCrosky,  J.  W.  Electrical    Engineer,     La    Capital    Tramway    Co., 

Buenos  Aires. 

FoBTENBAUGH,  S.  B.  As8*t  Prof.  of  ElectHcal  Engineering,  University  of 

Wisconsin,  Madison,  Wis. 

Parker,  Lee  Hamilton.  Ass't  Engineer,  Railway  Dept.  General  Electric  Co., 

Schenectady,  N.  Y. 

£rinckerhofp,  II.  M.       Electrical  Engineer,  Metropolitan  West  Side  Elevated 

R.  R.,  Chicago,  111. 
•  Total  8. 

Thk  President: — The  subject   for   discussion   this   eveninff. 
-gentlemen,  is  '*  The  Rontgen  Kay,  and  its  Relation  to  Physics/ 
^nd  the  discussion  is  to  be  opened  by  Professor  Rowland. 


A  Ttpical  Ditcussian  at  the  iiitk  Metting  ej  ike 
American  Inttitute  of  EUctriceU  Enginttrs^ 
New  Yerky  December  tbik^  1896.  President 
Duncan  in  tke  Ckair, 


THE  RONTGEN  RAY,  AND  ITS  RELATION  TO 

PHYSICS. 

(A  Topical  Discussion ) 


Opening  Rbmabks  by  Pbof.  Henry  A.  Rowland. 

Mr.  President  and  gentlemen :  A  gentleman  asked  me  a  few 
moments  ago  if  I  knew  anything  about  the  X-rays.  I  told  him 
no;  that  what  I  was  going  to  tell  to-night  was  what  I  did  not 
know  about  the  X-rays.  1  do  not  suppose  anybody  can  do  much 
more  than  that,  because  all  of  us  know  so  very  little  about  them. 
We  were  very  much  surprised,  something  like  a  year  ago,  by  this 
very  great  discovery.  But  I  cannot  say  that  we  know  very  much 
more  about  it  now  than  we  did  then.  The  whole  world  seems  to 
have  been  working  on  it  for  all  this  time  without  having  dis- 
covered a  great  deal  with  respect  to  it. 

I  suppose  it  is  not  necessary  for  me  to  go  into  the  history  of 
the  subject.  We  all  know  it;  now  Lenard  first,  probably,  discov- 
ered these  rays,  or  discovered  something  very  similar  to  them ;  how 
Rontgen  afterwards  found  their  particular  use,  their  penetrating 
power,  and  so  on,  although  Lenard  had  found  something  similar 
to  that  before.  It  is  thus  not  necessary  for  me  to  go  into  the  his- 
tory of  the  matter,  but  simply  to  go  over,  to  some  extent,  what  we 
know  with  regard  to  these  rays  at  the  present  time.  First,  there 
was  a  discussion,  some  time  ago,  aa  to  the  source  of  these  rays. 
Rontgen  thought  that  their  source  was  any  point  that  the  cathoae 
rays  struck  upon ;  and  you  will  remember  that  when  we  first 
knew  about  these  rays  they  were  often  called  cathode  rays.  Many 
persons  thought  that  the  cathode  rays  came  through  the  glass, 
and  Lenard's  first  idea  was  that  they  did  come  through  his  little 
window,  and  it  is  probable  that  they  do  at  the  present  time. 
But  the  kind  of  rays  that  we  are  considering  are  very  different 
from  the  cathode  rays.  As  to  their  source,  I  believe  it  was  finally 
determined  that  they  came  from  points  where  the  cathode  rayg 
strike.  At  the  same  time  I  was  ratner  opposed  to  that.  In  one 
of  my  tubes  I  found  that  the  rays  came  from  the  anode.     I  had 
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only  the  ordinary  assortment  of  Crookes  tubes,  and  one  of  the 
tuoes  had  aluminium  wires  which  were  a  millimetre  apart.  In 
this  one  the  source  of  the  rays  was  a  point  upon  the  anode — 
not  upon  the  cathode  at  all.  it  was  a  very  small  point.  The 
photographs  which  I  obtained  by  that  tube  are  sharper  than  anj 
1  have  ever  seen.  They  are  so  very  sharp  that  m  estimating 
the  shadow  of  an  object,  I  determined  that  the  point  could  not 
have  been  a  thousandth  of  an  inch  in  diameter.  Therefore  the 
source  in  this  case  was  a  very  minute  point  upon  the  anode,  and 
that  point  was  near  the  cathode.  I  suppose  some  of  the  cathode 
rays  might  have  struck  upon  it,  and  it  might  have  obeyed  the  law 
that  the  point  where  these  X-rays  are  formed  is  the  point  on  the 
anode  where  the  cathode  rays  strike. 

I   had   another  very   interesting  tube,  and    I  was   going    to 
bring  some  of  the  photographs  here    to-night ;    but  I  thought 
they  were  so  small  that  it  would  be  almost   impossible  to  see 
them.     1  tried  three  cases  in  this  tube :     First,  the   case  where 
the  cathode   rays  strike  upon  the  anode.      In  that  case  I  got 
very  many  Rontgen  rays.     Then   I  tried  the  case  where   the 
cathode  rays  strike  upon   an   object — a  piece  of   platinum.     I 
did  not  get  any  rays  whatever  then.     Now,  some  people  say  that 
they  come  from  the   point  where   the  cathode  ray  strikes.     I 
did  not  get  any  whatever.     In  this  case  the  cathoue  rays  struck 
upon   a  piece   of  platinum   in   the   centre   of  a   bulb,  and  no 
rays  were  given  out  by  the  anode  either.     Therefore  I  seemed 
to  have  a  crucial  experiment  in  each;  1  seemed  to  have  the  case 
where  the  cathode  rays  strike  upon  the  anode,  and  1  got  plenty 
of  rays.     Then  1  had  the  case   where  the  cathode  rays  strike 
on  a  piece  of  platinum,  and  I  did  not  get  anything  at  all.     Then 
where  the  anode  itself  was  free  and  no  cathode  rays  struck  it,  I 
did  not  get  anything  from  it.     It  seemed  to  me  as  if  the  source 
was  most  abundant  when  the  cathode  rays  struck  upon  the  anode; 
and  that  is  the  theory,  we  know,  upon  which*  nearly  all  tubes  are 
formed  at  the  present  time.     You  have  the  focus  tubes  in  which 
you  focus  the  cathode  rays  upon  the  anode,  and  in  that  case  you 
nave  a  very  abundant  source  of  rays;  but  I  do  not  believe  you 
ever  could  get  as  small  a  source  of  rays  as  I  got  with  that  first 
tube,  where  I  had  a  source  of  a  thousandth  of  an  inch  diameter. 
Having  such  a  small   source  of  rays,  it  gave  me  a  limit  to  the 
wave  length,  if  there  were  waves  at  all.     As  to  whether  there 
are  any  rays   produced  where  the  cathode  rays   strike   on  any 
other  objects,  we   know   that   there   are  very  feeble    ones.     It 
seems  to  be  almost  necessary  in  order  to  get  an   abundant  source 
that  you  should  have  cathode  rays  strike  on  the  anode.     How- 
ever, that  is   a   point   of  discussion.     Now,  as  to    the  source  of 
electricity,  we  have  generally  the  Kuhmkorff  coil.     There  is  one 
source  ot  which  I  saw  a  little  note  in   Nature^  where  a  man  had 
used  a  large  Holtz  machine  with   very  good  effects.     Now  it  ia 
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very  much  easier  for  many  persons  to  use  a  Holtz  machine  than 
to  use  a  Kuhmkorff  coil.  There  are  many  cases  where  one 
cannot  have  a  large  battery ;  and  this  man  said  that  with  the 
Holtz  machine  he  got  as  great  an  effect  as  with  the  Buhmkoff 
coil.  Then  we  have  the  Tesla  coil,  etc.  By  the  way,  speaking 
of  the  Tesla  coil,  I  am  not  sure  but  that  you  might  look  back 
and  find  that  it  is  very  similar  to  the  Henry  coil.  Henry  orig- 
inally experimented  on  the  induction  of  electricity,  transmit- 
ting a  spark  of  electricity  from  one  coil  and  getting  a  spark 
from  another,  and  the  Tesla  coil  is  something  liKe  that,  except 
that  it  is  made  so  as  to  produce  a  much  more  voluminous  spark. 

We  all  know  the  properties  of  the  Rontgen  ra^s — they  go  in 
a  straight  line.  Every  effort  to  deviate  them  n*om  a  straight 
line,  by  any  means  whatever,  has  failed,  except  that  when  they 
strike  upon  an  object  they  are  reflected.  Wow,  it  is  a  question 
for  discussion  as  to  whether  there  is  any  regular  reflection.  They 
strike  upon  an  object,  and  you  get  something  from  that  object 
which  will  affect  a  photographic  plate.  Are  those  rays  which 
we  get  from  the  object  Rontgen  rays  still,  or  do  the  Rontgen 
rays  strike  upon  this  object  and  generate  in  it  some  sort  of  rays 
which  come  out,  different  from  the  Rontgen  rays,  and  affect 
the  plate  ?  We  do  not  know  that.  Neither  are  we  quite  posi- 
tive whether  there  is  any  reflection  of  the  rays.  We  know  tnere 
is  turbid  reflection — you  may  call  it — rays  strike  on  the  object, 
and  the  object  becomes  a  source  of  rays  of  some  kind.  Nobody 
has  ever  found  out  what  sort  of  rays  come  from  the  object. 
Something  comes  from  it,  and  we  generally  imagine,  and  indeed 
we  often  state,  that  they  are  Rontgen  rays  that  come  off  the 
object.  But  we  have  good  reason  to  suppose  that  they  may  be 
something  else  ;  and  there  may  or  may  not  be  regular  reflei-.tions  ; 
some  persons  say  there  are  and  some  that  there  are  not  I  have 
seen  some  photographs  made  in  this  city  which  indicated  regular 
reflections.  At  the  same  time  I  would  not  be  positive  as  to 
this  action.    It  is  rather  doubtful.    It  is  a  point  to  be  determined. 

Then  the  fluorescence — that  is  the  way  Rontgen  originally 
found  the  ray.  You  know  the  way  they  produce  fluorescence — 
the  photographic  effect — ^you  all  know  that.  You  all  know  that 
the  magnet  does  not  affect  them — does  not  turn  these  rays  from 
a  straight  line. 

The  polarization  of  the  rays :  We  have  no  evidence  whatever 
as  to  the  polarization.  If  they  were  very  small  waves,  transverse 
waves,  like  light,  we  ought  to  be  able  to  polarize  them.  Bec- 
querel,  by  exposing  certain  phosphorescent  substances  to  the 
sun,  obtained  from  them  certain  rays  which  penetrated  ob- 
jects like  aluminium,  etc.  But  these  rays  were  evidently 
small  rays  of  light,  because  he  could  polarize  them,  and  he 
could  refract  them.  But  we  never  have  been  able  to  discover  that 
there   was   any  such   effect    in   a  Rontgen  ray.     Some  persons 
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have  claimed  that  they  got  polarization ;  but  if  there  ever  was 
any  polarization,  it  is  very  small,  indeed. 

One  of  the  principal  advances  in  respect  to  these  rays  is  that 
made  by  J.  J.  Thomson,  in  considering  the  electric  discharge  of 
bodies.  He  has  published  most  valuable  results  with  regard  to 
this  effect.  When  the  rays  fall  upon  a  gas,  they  affect  the  gas 
in  some  way  so  that  it  becomes  a  conductor.  Now,  you  can  sub- 
ject the  gas  to  these  rays  and  allow  the  gas  to  go  through  a  tube 
off  into  another  vessel,  so  that  it  will  discharge  an  electrined  body 
in  that  vessel.  But  he  has  found  the  most  mteresting  result  that 
it  will  not  continue  long  to  affect  these  bodies.  After  one  lias 
allowed  a  certain  amount  of  electricity  to  pass  through  it,  it  then 
becomes  an  insulator  again.  That  is  easily  explained  by  the  Ront- 
gen  rays  liberating  the  ions,  and  only  a  certain  amount  of  them. 
Just  as  soon  as  these  aroused  up  in  the  conduction,  then  the  gas 
ceases  to  conduct.  So  that  a  certain  amount  of  gas  will  conduct 
a  certain  amount  of  electricity,  and  then  it  stops  conducting. 
That  is  a  most  interesting  result.  It  is  one  of  the  great  advances 
we  have  made  since  Rontgen's  discovery.  Rontgen  knew  nearly 
all  we  know  now  about  these  rays.  We  have  discovered  very 
little  indeed  ;  but  that  point  I  think  we  have  at  least  discovered. 
Then  it  is  said  that  these  rays  affect  a  selenite  cell  in  the  same 
way  that  light  affects  it — it  changes  the  resistance  of  the  selenite 
cell. 

Of  course,  we  are  only  considering  the  theory  to-night ;  at 
least  I  am,  and  we  do  not  have  to  consider  the  bones,  and  so  on* 
I  have  had  some  students  at  work  in  my  laboratory,  and  it  was 
with  the  utmost  difficulty  that  I  kept  them  from  photographing 
bones.  Bones  seemed  to  be  the  principal  object  to  be  photo- 
graphed by  the  Rontgen  rays  when  they  were  first  discovered, 
and  I  suppose  it  is  the  same  now.  Most  people  connect  Ront- 
gen rays  with  them;  but  1  do  not  intend  to  say  very  much 
about  them. 

Now,  one  important  point  with  respect  to  these  rays  is  as  to 
whether  they  are  homogeneous.  Are  they  like  light  which 
can  be  divided  up  into  a  large  number  of  different  wave  lengths, 
or  are  they  homogeneous?  There  seems  to  be  a  great  deal  of 
evidence  that  they  are  not  all  the  same;  that  one  ought  to  get  a 
spectrum  of  them  in  some  way.  We  can  filter  them  a  little  bit 
tn rough  objects.  After  they  are  filtered,  they  are  probably  a 
little  different  from  what  they  were  before,  and  some  objects 
robably  let  through  different  rays  from  others.  In  Nature 
~r.  Porter,  I  believe,  has  shown  experiments  upon  that.  He 
divides  rave  into  three  kinds.  At  least  lie  finds  that  under 
certain  circumstances  the  rays  will  penetrate  bones  better  than 
in  other  cases — bones  or  any  other  object.  They  have  more 
penetrating  power,  and  they  go  through  many  of  those  objects 
that  ordinarily  stop  them.     By  heating  the  tube,  and  by  various 
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arrangements  of  his  8park-gap8,  etc.,  and  putting  little  wires 
around  his  tubes,  and  so  on,  he  can  cause  them  to  generate 
different  kinds  of  rays.  That  is  a  very  important  point,  if  it  ift 
substantiated,  and  tnere  seems  to  be  little  reason  to  doubt  that  a 
number  of  rays  really  do  exist ;  that  whatever  they  are  that  come 
from  the  object,  they  are  not  all  the  same;  some  of  them  penetrate 
bodies  better  than  others,  and  very  likely  some  one  will  get  up 
some  sort  of  filter  that  will  filter  them  out,  and  allow  us  to  use 
them  and  to  find  if  they  have  different  properties.  At  the  pres- 
ent we  are  rather  in  the  dark  with  regard  to  this  point. 

Now  I  come  to  th^  theory  of  these  rays.  Wliat  is  the  cause 
of  all  these  phenomena?  There  was  a  time  when  we  were 
rather  self-satisfied,  1  think,  with  regard  to  theories  of  light. 
We  thought  that  Fresnel  and  others  had  discovered  what 
light  was — some  sort  of  vibration  in  the  ether ;  we  called  it 
etner ;  if  it  had  these  waves  going  through  it,  then  it  would  pro- 
duce light,  and  we  were  pretty  well  convinced  that  the  waves 
were  transverse,  because  we  would  polarize  them ;  so  that  we 
began  to  be  satisfied  that  we  knew  something  about  light.  Then 
Maxwell  was  bom,  and  he  proved  that  these  rays  were  electro- 
magnetic— very  nearlv  proved  it.  Then  Hertz  came  along  and 
actually  showed  us  how  to  experiment  with  these  Maxwell 
waves,  most  of  which  were  longer  than  those  of  light.  At  the 
same  time  they  were  of  the  same  nature.  Well,  we  got  a  rather 
complicated  sort  of  ether  by  that  time.  The  ether  had  to  do  lots 
of  tnings.  One  must  put  upon  the  ether  all  the  communication 
between  bodies.  For  instance,  what  communication  is  there  be- 
tween this  earth  and  the  sun  ?  Why,  you  have  light  coming  from 
it  and  heat.  Radiation  you  might  call  it  all.  Then  some  people 
thought  they  discovered  electro-magnetic  disturbance  from  the  sun. 
Sometimes  they  have  seen  a  sun  spot  and  noted  a  deflection  of  the 
magnetic  needle  on  the  earth.  Very  likely  that  is  true.  I  don't 
know  that  they  have  discovered  any  electrostatic  effect.  But  we 
know  that  electrostatic  effects  will  be  carried  on  through  as  per- 
fect a  vacuum  as  you  can  get.  Then  we  have  gravitation  action 
too.  Now,  we  have  got  all  these  things — electro-magnetic  action^ 
light  which  would  be  an  electro-magnetic  phenomenon,  and  then 
we  have  gravitation,  and  we  have  got  to  load  the  ether  with  all 
these  things.  Then  we  have  got  to  put  matter  in  the  ether  and 
have  got  to  get  some  connection  between  the  matter  and  the 
ether.     By  that  time  one's  mind  is  in  a  whirl,  and  we  give  it  up. 

Now  we  have  got  something  worse  yet — we  have  got  Ront- 
gen  rays  on  top  of  all  that.  Here  is  something  that  goe& 
through  the  ether,  and  it  not  only  goes  through  the  ether  but 
shoots  in  a  straight  line  right  througn  a  body.  Now,  what  sort 
of  earthly  thing  can  that  be  ?  A  body  will  stop  light  or  do 
something  to  it  as  it  goes  through  ;  but  what  on  earth  can  it  be 
that  goes  through  matter  in  u  straight  line  ?     Why,  our  imagina- 
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tion  doesn't  gi^e  us  any  chance  to  do  anything  with  that  problem- 
It  is  a  most  wonderful  phenomenon.  We  can  indeed  suppose  that 
they  are  ultra-violet  lignt.  Indeed,  we  can  get  a  limit  to  the  wave 
length  to  some  extent.  Nobody,  however,  lias  ever  proved  that 
the  Rontgen  rays  are  waves.  But  we  can  get  a  limit  of  the 
wave  length  if  they  are  waves,  because  when  1  have  a  tube  that 
gives  me  a  shadow  which  is  only  a  thousandth  of  an  inch  broad, 
or  rather  from  the  greatest  intensity  out  to  clear  glass  a  thou- 
sandth of  an  inch  broad,  I  can  calculate  the  wave  length  of  the 
disturbance  that  would  produce  such  a  shadow.  It  has  got  to  be 
very  small  indeed ;  one  knows  that  right  away,  because  any  ordinary 
light  would  make  a  few  waves  at  the  edge  of  the  shadow,  and  by 
measuring  those  waves  you  could  get  the  wave  lengths  of  the 
light  waves.  But  there  was  no  appearance  whatever  on  any  of 
my  photographs  of  any  such  phenomenon  as  that.  I  did  not  liave 
any  of  these  waves  at  the  edge  of  the  shadow  whatever.  It 
went  directly  from  blackness  to  light.  Bat  putting  it  under  the 
microscope  and  measuring  from  almost  imaginary  points,  from 
lightness  to  darkness,  I  could  get  a  limit  to  the  wave  length. 
Now,  as  to  that  limit,  I  published  it  in  one  of  the  journals  six 
months  ago,  or  more,  ana  it  came  at  about  one-seventh,  I  think, 
that  of  yellow  light.  Others  have  determined  the  wave  length 
and  got  even  below  one-seventh  that  of  yellow  light.     Some  have 

fot  one-thirtieth  that  of  yellow  light,  and  so  on.  Some  of  them 
am  rather  doubtful  about,  because  they  say  they  have  bands. 
If  they  have  bands  and  def raction  bands,  that  would  prove  in- 
stantly that  the  Rontgen  rays  are  waves.  But  I  have  never 
seen  the  slightest  phenomenon  of  that  sort.  It  is  very  doubtful 
that  it  exists,  and  those  persons  who  have  had  it  will  have  to 
fihow  their  photographs  very  clearly  to  make  us  believe  it.  And 
therefore  we  have  no  evidence  whatever  tliat  the  rays  are  waves. 
At  the  same  time  we  have  no  evidence  that  they  are  not  waves. 
They  might  be  very  short  waves — infinitely  short  waves.  Let 
us  see  what  would  happen  if  they  were  infinitely  short  waves. 
They  might  be  so  very  short  as  to  be  too  fine-grained  for  any  of 
our  methods  of  polarization  or  reflection.  Waves  are  reflected 
from  a  solid  body — regularly  reflected,  because  they  interfere 
after  they  come  from  the  body.  You  can  get  the  direction — the 
angle  of  incidence  equals  the  angle  of  reflection  ;  you  can  get 
that  by  means  of  considering  them  as  waves  and  as  interfering 
after  they  come  from  the  object.  Well,  if  the  object,  however, 
is  a  very  rough  sort  of  thing  compared  with  the  wave  length, 
you  will  not  get  a  regular  reflection.  That  is  what  might  hap- 
pen in  the  case  of  Rontgen  rays.  And  then  again,  with  regard 
to  refraction  of  the  light,  the  theory  of  refraction  which  comes 
from  considering  molecules  imbedded  in  the  ether  will  give  you 
some  limit.  When  we  go  beyond  that  limit,  we  get  no  retraction. 
The  bending  of  the  violet  rays  increases  up   to   a  certain  point 
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and  then  goes  back.  We  have  a  case  of  anomalous  refraction 
very  often  in  some  substances  like  fuchsine,  aniline  dyes,  and 
so  on.  Therefore  the  action  of  refraction  can  be  accounted  for 
by  having  very  short  waves.  But  when  we  treat  of  the  theory 
of  the  case  we  have  the  little  molecules  of  a  gas  knocking  against 
each  other,  and  they  can  only  go  a  little  distance.  We  call  that 
the  free  path  of  the  gas—a  very  small  distance  in  the  ordinary 
air.  Those  molecules  cannot  go  more  than  this  very  small  dis- 
tance before  they  stop.  Well,  now,  why  should  little,  sh^ort 
waves  of  light  pass  through  the  gas  and  not  be  Stopped  too  ? 
When  the  waves  are  very  short  indeed,  it  seems  to  me  that  the  ob- 
ject would  be  entirely  opaque  to  them,  because  they  would  strike 
upon  those  molecules,  unless  they  could  pass  directly  through  the 
molecules.  You  would  therefore  necessarily  have  these  little 
short  waves  going  directly  through  the  molecules,  which  we  gen- 
erally think  is  almost  impossible  in  case  of  light.  And  that  is 
one  very  great  objection  that  I  have  to  that  theory. 

Then  we  have  another  theory — that  these  are  not  transverse 
waves  at  all;  tliat  they  are  waves  like  sound,  and  very  short  in- 
deed. Well,  what  would  happen  then  ?  If  they  are  verv  short 
indeed,  you  have  the  same  objection :  They  would  all  strike 
against  the  molecules,  and  they  would  be  dispersed  very  quickly. 
Tiie  shorter  the  wave  lengths,  the  more  they  are  dispersed.  Take, 
for  instance,  short  waves  that  bob  against  a  boat  and  are  reflected 
back.  Then,  if  you  have  a  big,  Jong  ocean  wave,  it  sweeps 
around  a  boat  and  goes  on  without  being  troubled  by  the  boat  at 
all.  The  shorter  the  waves,  the  more  they  are  bothered  by  the 
boat,  and  so  it  is  with  respect  to  other  waves — the  short  waves 
would  probably  be  stopped  by  the  molecules.  So  I  do  not  see 
what  we  can  do  with  regard  to  it* in  that  respect.  According  to 
Maxwell's  law,  waves  like  sound  do  not  exist  in  the  kind  of 
ether  that  he  suggested.  But  that  is  all  based  upon  a  certain 
theory  that  the  lines  of  force  are  always  closed.  He  intro- 
duced into  his  equation  an  expression  which  indicated  that  every 
line  of  force  was  a  closed  path  coming  back  upon  itself  or  end- 
ing in  electricity,  one  or  the  other.  If  we  throw  out  that  equation, 
then  we  can  get  this  kind  of  compressional  waves  in  the  ether. 
Now,  it  is  not  at  all  impossible  that  they  exist,  and  as  to  whether 
they  would  go  through  molecules  any  better  than  light  waves  do, 
nobody  can  tell;  but  it  is  possible  that  they  might.  But  if  there 
are  waves  at  all,  they  must  be  very  short  waves.  You  cannot  get 
over  that  fact. 

Then,  of  course,  you  have  the  other  theory — of  little  particles 
of  matter  flying  out  from  the  body,  passing  through  the  glass 
and  all  other  bodies,  until  they  reach  a  photograpnic  plate  or 
any  other  place  where  we  are  notified  of  their  presence,  and  these 
little  particles  make  their  way  through  the  air  or  any  other 
substance.     Now,  why  should  not  the  uttle  particles  be  stopped 
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very  quickly  by  bodies  as  well  as  if  the  rays  were  waves?  You 
see  we  are  in  trouble  here  too.  Why  are  not  the  waves  stopped  ? 
Why  are  not  the  little  particles  stopped  ?  Stokes  has  given  some 
sort  of  a  theory  with  regard  to  this — that,  instead  of  having  a 
wave  motion  in  the  ether,  the  rays  are  impulses — a  sudden  im- 
pulse— one  wave,  for  instance — not  a  series  of  waves  at  all,  but 
one  impulse  coming  out  from  the  tube.  I  think  if  he  had  seen 
any  very  sharp  shadows  obtained  from  the  Rontgen  rays  he 
wotfld  not  have  given  that  theory.  He  probably  has  seen  only 
those  very  hazy  outlines  that  very  many  persons  take  for  Ront- 
gen photographs.  But  if  he  had  seen  any  very  defined  ones — 
very  sharp  ones — he  probably  would  not  have  given  that  theory, 
because  if  the  Rontgen  rays  are  waves  at  all,  they  must  be  short, 
and  there  must  be  a  long  series  of  them  to  make  sharp  shadows. 
This  is  why  Newton  gave  up  the  wave  theory  of  light.  Vou  re- 
member he  gave  up  this  theory  because  he  found  that  light  went 
straight  past  an  object  instead  of  curving  around  into  the 
sliadow  as  much  as  sound  does.  But  he  was  not  quite  up  to  his 
usual  pitch  when  he  made  that  statement,  because  if  he  had 
thought  a  moment  he  would  have  seen  that  very  short  waves  will 
go  more  nearly  in   a  straight  line  than  long  ones.     But  any  sin- 

fle  impulse,  such  as  Stokes  suggests,  would  go  into  the  shadow, 
'he  only  wave  motion  that  would  go  in  a  straight  line  is  a  series  of 
waves,  one  after  another.  Therefore,  these  rays  cannot  be  single 
impulses  coming  irregularly. 

i^rof.  MichaeTson  has  suggested  a  theory  of  rays  based  on 
something  like  vortex  rings  in  the  ether.  Now,  if  we  have  an 
ether  that  can  carry  on  light  waves  and  electro-magnetic  waves, 
it  cannot  be  a  perfect  fluid  ;  it  has  got  to  be  something  else. 
You  cannot  very  well  imagine  vortex  rings  in  such  an  ether.  So 
that  we  are  met  at  every  point  by  some  objection.  We  hava 
been  studying  light  for  hundreds  of  years;  we  are  not  anywhere 
near  satisfied  with  the  theory  yet,  and  we  cannot  very  well  be 
expected  to  be  satisfied  with  the  theory  of  Rontgen  rays  in  one 
year. 

Well,  I  think  that  is  all  I  can  say  with  regard  to  the  subject,  and 
I  hope  the  other  gentlemen  who  are  to  carry  on  the  discussion 
will  satisfy  you  on  all  these  points  that  I  have  brought  up  and 
left  unanswered. 

Prof.  Elthv  Thomson  : — Mr.  President  and  gentlemen  of 
the  Institute  : — 1  have  been  very  much  interested  in  the  expression 
of  opinion  by  Prof.  Rowland  as  to  the  nature  of  these  rays.  I 
can  certainly  second  his  statement  that  we  know  very  little  about 
them  ;  that  is,  as  to  their  real  nature,  and  the  more  facts  we  ac- 
cumulate they  seem  to  be  carrying  us,  if  anything,  farther  away. 
We  may  have  a  dozen  different  theories,  and  we  do  not  yet  seem 
to  have  any  proof  of  any  of  them.  I  have  not,  however,  given 
very  much  time  to  considering  that  side  of  the  question  ;  I  iiave 
been  working  somewhat,  as  leisure  time  alio  wen,  in  finding  the 
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conditions  nrnler  which  these  rajs  were  produced,  and  in  obtain- 
ing them,  if  possible,  in  great  amount. 

1  can  hardly  agree  witn  what  Prof.  Rowland  says  in  regard  to 
the  rays  not  being  produced  when  the  cathode  rays  strike  any- 
thing but  an  anode,  unless  this  qualification  be  admitted — that 
for  tiie  time  being,  the  thing  struck  becomes  an  anode  by  induc- 
tion. That,  of  course,  may  oe  the  explanation  ;  that  may  be  the 
way  out;  because  we  have  many  tubes  which  have  mounted  in 
the  interior  an  insulated  piece  of  metal — I  had  a  very  active  tube 
in  which  an  insulated  piece  of  platinum  was  mounted  opposite 
two  concave  pieces  of  aluminium  which  were  made  alternately 
the  cathodes.  This  insulated  piece  mounted  on  a  glass  stem, 
without  any  connection  on  the  outside,  was  a  vigorous  source  of 
rays,  and  unless  it  became  an  anode  by  induction,  we  must  ad- 
mit that  a  piece  of  metal  bombarded  becomes  a  source.  So  the 
glass  of  the  tube  may  become  a  source  by  being  bombarded,  and 
a  source  in  all  directions.  The  rays  are  transmitted  through  the 
glass ;  they  are  transmitted  back  from  that  point  also  laterally, 
and  in  fact  in  all  directions.  I  have  come  to  regard  it  as  a  set- 
tled fact,  that  if  the  cathode  rays  strike  a  piece  of  any  substance, 
and  particularly  a  dense  substance  like  platinum,  uranium  or  irid- 
ium, and  these  cathode  rays  are  directed  in  a  right  line  toward 
the  surface,  they  produce  jRontgen  rays.  If,  however,  they  are 
diffused,  as  bv  crossing  the  focus  of  the  cathode  and  then  spread- 
ing out,  as  when  the  vacuum  is  a  little  too  low  to  allow  them  to 
go  on  as  a  jet,  then  the  rays  cease  to  be  produced.  That  condi- 
tion is  present  in  a  tube  too  low  in  vacuum,  and  you  can  gener- 
ally recover  it  by  working  the  vacuum  up. 

As  to  the  methods  of  excitation  of  tubes,  I  have  found  that 
static  machines,  induction  coils,  high  frequency  coils  and  various 
other  apparatus  for  giving  high  potentials,  all  under  proper  con- 
ditions, are  about  equally  satisfactory.  For  a  static  machine  to 
be  used,  it  must  be  of  large  capacity.  In  other  words,  it  must 
have  a  large  watts  output  relatively  for  such  machinery,  and  a 
multiple  plate  machine  therefore,  driven  with  high  speed,  as  one 
made  with  hard  rubber  plates  driven  2,000  revolutions  and  say 
24  plates,  is  a  wonderful  source  of  discharges  for  the  tubes.  It 
will  keep  the  platinum  hot  in  the  tube,  making  a  bright  spot  on 
the  platinum.  The  spark  itself  between  the  terminals  of  such  a 
machine  will  almost  mstantly  set  tire  to  combustible  materials 
put  in  between  the  terminals.  A  vigorous  induction  coil  gives, 
of  course,  uni-directional  discharges,  like  the  Holtz  machine,  ex- 
cept that  they  are  intermittent,  whereas  the  Holtz  machine  can 
keep  a  Crookes  tube  apparently  continuously  lighted ;  that  is, 
the  intervals  between  the  discfiarges  are  so  exceedingly  small 
that  the  most  continuous  possible  effect  is  obtained  when  the 
static  machine  is  used.  It  has,  at  it  were,  a  constantly  impressed 
electromotive  force,  and  the  output  of  the  machine  is,  as  it  were, 
a  constant  current  under  that  electromotive  force,  but  no  doubt 
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divided  into  intermittent  discharges  at  a  very  high  rate  in  pasa- 
ing  the  tube.  An  induction  coil  driven  with  50  to  100  breaks 
per  second,  is  an  admirable  source  of  rays  when  the  tube  is 
proper  for  it,  and  in  that  case  what  is  called  a  single  focus  tube 
18  used.  When  we  come  to  the  high  frequency  alternating  dis- 
charges we  have  the  double  focus  tubes  with  two  cathodes  gen- 
erally placed  opposite  each  other,  and  the  rays  from  which  bom- 
bard in  common  a  piece  of  platinum  in  between,  and  if  that  plat- 
inum be  made  in  the  form  of  a  wedge,  with  a  somewhat  acute 
angle,  the  two  bombarded  spots  or  sources  from  either  side  may 
be  so  near  together  as  to  give  practically  one  focus  for  ordinary 
uses.  In  that  case  the  tube,  it  exhausted  properly,  is  a  vigorous 
source  of  rays. 

But  the  most  eflEective  method  of  excitation  which  we  have 
yet  been  able  to  use  has  been  one  of  which  the  public  has  heard 
nothing  so  far,  and  I  mean  to  speak  of  it  now.  It  was  arranged 
by  Mr.  Hermann  Lemp  (whose  name  is  familiar  to  many  of  you) 
in  this  way  :  He  simply  took  a  12-inch  inductorium,  a  coil  giving 
a  12-inch  spark  ordinarily,  and  excited  the  primary  with  alternar 
ting  currents  at  125  cycles.  This  gives  in  the  secondary,  as  in 
any  step-up  transformer,  a  great  increase  of  potential,  such  that 
we  may  find  that  the  spark  darts  five  or  six  inches  between  ter- 
minals, and,  of  course,  after  it  is  started,  there  is  a  continuous 
arcing  somewhat  difficult  to  stop  unless  you  blow  it  out  or  shut 
off  the  current,  which  latter  is  probably  the  easiest  way.  Now 
this  high  potential  discharge  of  the  secondary  is,  of  course,  an 
alternating  current — ^an  alternating  current  somewhat  of  the 
same  wave  form  as  the  impressed  primary  wave.  But  if  we  ro- 
tate, by  a  little  synchronous  motor,  a  break  piece  which  picks 
out  one  direction  only  of  the  secondary  discharge  and  leaves  that 
in  the  other  direction  open-circuited,  then  you  see  we  have  an 
admirable  source  of  uni-directional  discharges  of  great  power. 
Of  so  great  power  indeed  are  they  that  you  would  not  dare  to  put 
them  upon  your  Crookes  tube  without  modification.  You  must 
put  in  a  high  resistance,  such  as  a  water  resistance — ^a  long  glass 
tube  filled  with  water — to  cut  down  the  flow  which  would  destroy 
almost  any  tube  you  might  try.  The  commutating  device  made 
properly  simply  consists,  for  example,  of  two  insulated  terminals 
m  series  with  the  discharge,  and  a  connecting  wire  revolving 
synchronously  between  them.  With  a  spark  gap  between  the 
wire  and  fixed  terminals,  of  course  we  do  not  need  friction  or 
Any  contact.  You  are  then  chopping  off  the  tops  of  the  waves 
or  are  taking  the  very  highest  potential  of  each  and  every  wave 
all  in  one  direction,  and  you  are  also  giving  them  a  spark  gap  be- 
tween the  fixed  terminals  and  revolving  wire  which  is  favorable 
to  the  generation  of  the  rays.  The  spark  gap  regulates  itself  in 
a  measure,  because  just  as  soon  as  the  potential  is  such  that  it 
can  easily  jump  a  gap,  then  the  commutator  wire  anticipates  the 
discharge  and  the  current  leaps  the  spark  gap.     If  there  should 
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be  a  weaker  discharge,  the  wire  comes  up  nearer  to  the  terminals 
before  the  gap  is  jumped,  so  that  in  this  case  the  discharges  are 
wonderfully  uniform  and  you  get  them  at  the  rate  of  125  per 
second,  which  is  a  rapid  rate,  and  excites  tubes  wonderfully  well. 
With  this  means  of  excitation  which  I  experimented  with  about 
a  week  ago  for  the  first  time,  I  was  astonished  at  the  results  ob- 
tained. Unless  you  are  very  careful,  you  melt  right  through  the 
platinum  electrode.  Half  a  second  might  be  suffacient.  In  fact,, 
we  did  that,  but  it  did  not  hurt  the  tute  any  as  a  source  of  rays. 
There  existed  just  back  of  the  platinum  plat«  a  brace  of  thicker 
platinum  which  did  not  melt.  The  ravs  did  not  strike  that 
thicker  piece  squarely ;  they  only  struck  it  on  about  one-half  the 
area  of  the  hole  formed  m  the  platinum  sheet.  A  singular 
thing  occurred  in  this  case.  I  will  draw  a  sketch  of  the  tube 
which  was  used  (see  Fig.  1.)  Here,  at  p,  was  an  inclined  plate 
of  platinum  sealed  in  from  the  side,  supported  from  this  side,. 


CONCAVE  PLATE 


GLASS  X  RAY  TUBE 
Fig.  1. 

and  with  a  little  rib  of  platinum  on  the  back,  and  at  this  end,  d, 
a  dummy  terminal  of  no  particular  use.  It  was  simply  put  in 
there  because  it  was  thought  it  might  be  of  some  use — and  that 
is  sometimes  a  good  thing  to  do  in  these  tubes.  Then  we  had 
the  concave  catliode,  at  o.  Now  the  rectified  current  was  sent  be- 
tween these  c  and  p  and  a  hole  was  instantly  bored  through  the 
platinum  p  and  the  rays  struck  the  little  rib  back  of  it.  The  rib 
was  about  one-half  exposed  to  the  hole  after  it  was  made,  and 
half  the  size  of  the  hole  was  opened  for  the  passage  of  rays  clear 
through— K5athode  rays,  of  course,  in  this  case.  The  result  of 
this  was  that  in  about  three  seconds  this  piece  of  aluminium, 
about  an  inch  and  a  quarter  or  an  inch  and  a  half  wide  and  a 
thirty-second  thick,  was  red  hot.  It  was  repeatedly  heated  in 
three  or  four  seconds  by  tlie  cathode  rays  that  had  apparently 
passed  this  rib  and  gone  through  the  hole.  This  shows  tlio  enor- 
mous vigor  of  the  cathode  rays.  When  this  tube  was  used  there 
was  a  white  hot  area  all  around  the  hole  in  the  platinum  plate. 
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la  using  the  lluoroscope,  or  fluorescent  screen  in  the  dark,  I 
found  that  a  most  intense  sharp  shadow  of  the  bones  in  the  hand, 
and  a  shadow  comparing  with  those  obtained  by  photography 
was  thrown  upon  the  screen,  and  tlie  details  were  beautiful — 
although  the  image  was  formed  within  only  a  short  distance  of 
the  tube.  But  the  astonishing  thing  was  the  flood  of  light  ob- 
tained, and  the  fact  tliat  you  could  take  the  screen  away  and 
for  many  minutes  afterwards  see  that  shadow  glowing — or  rather 
the  space  around  it  on  the  screen  glowing.  I  would  like  to  read 
here  in  this  connection  some  few  notes  made  at  the  time  I  ouote  : 

"  When  the  vacuum  was  so  higli  that  but  very  little  nuore- 
scence  existed  on  the  sides  of  the  tube,  the  rays  got  through  four 
thicknesses  of  iron  over  one  thirty-second  thick — that  is,  an  ac- 
tual thickness  is  three-sixteenths — and  cast  strong  shadows  of  a 
brass  disk  or  plate  about  an  inch  thick.  When  the  vacuum  is 
lowered  the  screen  becomes  verv  much  more  luminous,  but  the 
shadow  almost  disappears." 

This  means  that  tliere  are  apparently  produced  rays  which  are 
not  going  in  a  direct  line ;  they  are  being  diffused,  and  tliis  seems 
to  indicate  that  a  different  wave  length  and  rays  more  diffusible 
by  the  matter  of  the  iron  are  produced. 

"  The  same  is  true,  but  to  a  less  degree,  with  the  hand  or  with 
the  shadow  of  any  object.  With  eight  thicknesses  even,  the 
tube  having  a  high  vacuum,  the  screen  is  lighted  and  a  fine 
shadow  thrown  on  it.  This  makes  a  total  of  three-eighths  of  an 
inch  of  wrought  iron,  working  about  six  inches  from  the  bom- 
barded platinum.  A  heavy  east-iron  transformer  cover  with  a 
brass  name  plate  showed  the  name  plate  clearly  through  the  iron. 
Two  metal  pieces — cast-iron — nine-sixteenths,  gave,  with  a  higher 
vacuum,  an  enormous  amount  of  rays,  but  no  distinct  shadows 
could  be  seen  passing  through  these  plates,  owing  probably  to 
the  fact  that  the  metal  may  be  a  very  strong  diffuser  of  the  rays." 

Now  that  last  statement  is  a  very  curious  one.  Take  two 
heavy  plates  of  iron  about  nine-sixteenths  thick  and  slide  them 
over  each  other  so  as  to  get  over  half  the  screen  a  double  thick- 
ness, and  it  was  very  difhcult  to  discern  any  difference  between 
the  part  with  a  single  plate  and  that  with  the  double  thickness 
between  it  and  the  source.  If  the  current  was  cut  off  after  the 
tube  was  excited,  the  luminosity  of  the  screen  disappeared. 
There  is  only  one  other  explanation  of  this  phenomenon  that  I 
am  able  to  offer,  and  I  offer  it,  having  experimented  too  little  to 
say  whether  it  is  a  correct  explanation.  It  is  just  possible  that 
the  screen  is  not  illuminated  by  the  rays  coming  through  the 
iron,  but  from  the  diffusion  of  tlie  rays  from  the  operator's  body. 
The  only  way  to  avoid  that  diffusion  would  be  to  get  into  some- 
thing like  an  armor  plate  easing  and  work  through  a  hole,  so  as 
to  be  able  to  cut  off  all  these  diffusion  rays  that  are  thrown  back- 
ward. 

Prof.  Rowland  has  told  you  about  the  general  characteristics 
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of  these  rays  in  their  relation  to  the  cathode  rays,  and  I  wish 
merely  to  call  attention  to  one  or  two  additional  points.  In 
working  a  tnbe,  say  a  single  focus  tube,  with  an  inclined  plate  of 
platinum,  used  as  anode,  it  has  always  been  noticed  that  when  it 
did  its  work  vigorously,  there  was  an  area  of  tiuorescence  on  the 
glass  wall  extending  from  the  plane  of  the  platinum  and  cover- 
mg  the  whole  of  the  walls  on  the  bombarded  side.  This  illu- 
mination is  uniform  apparently  all  over  those  parts  of  the  glass 
walls  of  the  tube  that  are  centered  around  the  bombarded  spot 
on  the  platinum,  and  that  uniform  illumination  never  comes  un- 
less you  get  Rontgen  rays.  They  are  evidently  produced  by  the 
Rontgen  rays  passing  the  glass  outwardly  and  illuminating  or 
making  the  glass  fluoresce.  But,  curiously,  you  can  see  such 
fluorescence  in  daylight  or  in  a  room  fully  lighted,  but  if  you 
pulverize  some  of  the  same  glass  and  make  a  fluorescent  screen 
of  it — experimenting  with  different  thicknesses,  you  do  not  get 
more  than  the  faintest  action  even  when  you  put  the  screen  close 
to  the  glass  of  the  tube.  What  does  that  indicate  ?  It  seems  to 
me  there  is  no  escape  from  the  conclusion — that  there  are  some 
rays  that  strike  the  glass  which  do  not  go  through — that  they  are 
the  kind  to  which  the  glass  is  opaque,  or  nearly  so,  and  very 
little  of  them  get  through ;  whereas,  the  Rontgen  rays  that  do 
get  though,  having  passed  through  glass,  (being  Altered  as  it 
were)  can  now  go  through  glass  again  or  other  things  of  the 
same  nature.  It  is  the  quantitative  effect  of  the  fluorescence  that 
leads  us  to  such  a  conclusion.  We  also  find  that  cathode  rays 
produce  fluorescence  wherever  they  strike,  and  this  leads  us  to 
inquire  whether  in  doing  so  they  always  produce  Rontgen  rays 
first,  or  these  other  rays  which  are  lower  than  Rontgen,  or 
whether  the  cathode  ray  does  alone  produce  the  fluorescence.  I 
think  that  this  question  would  be  one  of  the  most  difficult  to  ex- 
periment upon  or  to  decide.  That  there  are  varieties  of  Rontgen 
rays  that  differ  in  some  way  (whether  in  wave  length  or  what  not 
it  is  hard  to  say)  is  undoubtedly  a  fact  beyond  all  question. 
They  cannot  be  divided,  in  my  opinion,  into  X  —  1,  X  —  2, 
X  —  3,  or  to  put  it  differently,  into  flesh,  wood  and  metal  rays  ; 
but  they  probably  represent,  if  they  represent  anything,  a  sort 
of  gamut— a  variation  upv/ard  and  downward  in  the  scale.  In 
working  the  tube  Fig.  1  and  lowering  the  vacuum  somewhat, 
using  an  iron  plate  three-eighths  thick  and  the  screen  in  front, 
you  get  very  little  effect  at  first  or  not  until  the  tube  works  up, 
and  it  works  up  in  half  a  minute  or  a  minute.  You  then  see  the 
screen  getting  brighter  and  bri^ter  all  the  time  until  the  screen 
is  illuminated  quite  strongly.  This  evidently  indicates  the  pro- 
duction at  the  fast  of  apparently  a  different  sort  of  rays  which 
penetrate  the  metals  even  when  of  considerable  thickness.  But 
if  you  put  your  hand  or  any  thin  metal  object  back 
of  the  hcavv  plate  when  the  rays  pass  freely,  vou  get 
a  very  faint  snadow  indeed,  showing  that  these  rays  which  get 
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through  the  metal,  get  through  the  hand,  if  anything,  more  easily. 
They  are  the  rays  which  will  get  freely  through  a  man's  body, 
perhaps  through  great  depths  of  it.  It  probably  requires  these 
very  rays  to  pass  through  any  great  thicknesses  and  tnis  may  ac- 
count for  the  fact  that  it  is  very  difficult  to  get  any  strongimpression 
of  the  vertebral  column,  for  example,  in  the  body,  because  such  of 
the  rays  as  are  able  to  pass  through  great  thicknesses  of  tissue 
have  also  a  high  penetrating  quality,  even  for  bone. 

Another  fact  which  I  noticed  in  experimenting  with  this  tube 
(Fig.  1)  is,  that  adding  sheet  after  sheet  of  iron,  each  a  little  over 
J^"  thick,  beginning  at  1,  then  2,  3,  4,  when  I  got  to  about 
four  sheets  my  object  shadow  was  black  and  very  clear  and 
distinct.  When  I  ffot  to  five  or  six  sheets,  that  shadow  was  begin- 
ning to  be  faint  ana  blurred,  and  at  eight  sheets  could  just  about 
be  distinguished  with  care.  What  was  very  strong  and  vigorous 
at  four  sheets  had  apparently  almost  disappeared  at  eight  sheets. 
Now  unless  there  is  some  other  explanation,  this  would  indicate 
that  the  rays  can,  as  it  were,  go  a  certain  distance  and  are  stopped 
or  diffused,  or  that  certain  ravs  are  filtered  out  that  with  the 
lower  thicknesses,  gave  the  shadow ;  while  those  which  were 
able  to  penetrate  the  greatest  thicknesses  kept  right  on  and  pene- 
trated object  and  metal  all  together.  But  then  a  caution  comes 
in  here.  It  is  possible  that  the  back  diffusion  of  rays  from  the 
operator  not  working  back  of  a  heavy  metal  shield  is  illuminating 
the  screen  by  diffusion  from  the  surrounding  objects,  and  we 
may  have  an  effect  something  like  the  opposing  lights  in  a  Bunsen 
photometer  which,  in  a  certain  definite  amount  neutralize  each 
other  on  the  screen.  Such  is  a  possible  explanation  of  the  effects. 
There  is  needed  much  further  experimenting. 

It  is  curious  to  notice  with  the  tubes  having  comparatively 
low  vacua  that  no  effect  of  production  of  rays  occurs  with  the 
ordinary  passage  of  a  silent  discharge,  as  by  the  Holtz  machine, 
but  the  tubes  often  become  good  sources  oi  rays  if  you  put  aeon- 
denser  on  the  terminals  and  use  a  spark  gap.  A  tube  which  is 
absolutely  of  no  use  for  a  steady  discharge  from  the  terminals 
may  be  made  oftentimes  very  active  by  this  simple  expedient. 

We  often  come  across  very  cui^ious  things  in  this  work  with 
different  forms  of  tubes  under  different  conditions,  and  I  think 
there  is  hardly  a  more  fascinating  field  than  working  with  these 
vacuum  tube  arrangements.  There  are  no  two  alike.  You  can 
hardly  produce  the  same  exact  effects  twice.  I  may  mention 
a  curious  thing  which  I  noticed  the  other  day.  We  had  a  spheri- 
cal bulb  with  a  wedge  of  platinum,  the  cathodes  opposite  each 
other.  We  made  one  of  these  actual  cathodes,  and  the  platinum 
the  anode,  with  commutated  current  excitation.  The  vacuum  in 
the  tube  was  a  little  low,  and  one  would  suppose  that  the  side  of 
the  platinum  nearest  the  real  cathode  would  get  hot,  but  I  was 
astonished  to  find  that  there  was  a  bright  spot  on  the  other  side 
opposite  the  idle  cathode  and  none  on  the  side  opposite  the  real 
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cathode.  This  latter  side  was  not  even  hot,  but  the  apparently 
idle  Clip  on  the  other  side  of  the  tube  had  sent  out  something  or 
other  which  produced  a  red  hot  spot  opposite  to  it  and  gave  rays. 
That  is  only  one  of  the  curious  things  we  find,  which  among  the 
many  other  serve  to  mix  ub  up  and  carry  us  perhaps  farther  away 
from  the  real  thing  that  we  all  are  looking  for. 

In  regard  to  the  diflEusion  of  the  rays,  I  have  to  say  a  word  or 
two.  Some  time  ago  I  tried  to  start  some  experiments  in  carry- 
ing on  the  work  oi  investigating  diffusion  oi  Rontgen  a  little 
more  fully  with  an  object  in  view.  My  idea  is  represented  ii» 
about  this  way.  (Illustrating) :  This  represents  a  vertical 
metal  screen  m.  Fig.  2.      I  placed  a  Crookes  tnbe  here  at  t.     I 

!)ut  a  block  of  paraffin  here  at  p  that  I  can  turn  about.     I  put  a 
leavy   metal  screen   at  the   back  at  n.     I  placed  a  ffuorescent 
screen  here  at  f,  facing  in  the  direction  of  the  arrow  and  shield- 
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ing  it  in  every  possible  way  by  metal.  If  then  I  get  from  this 
paraffin  p,  diffusion  (which  I  know  I  can  get  from  back,  sides  or 
anywhere)  it  simply  behaves  like  a  lump  oi  opal  substance,  and  I 
have  the  screen  f  in  position  such  tliat  no  ray  could  reach 
it  from  p ;  then  if  I  put  another  block  of  paraffin  here  at  sancf 
I  get  rays  from  it  back  to  f  I  have  what  1  may  call  secondary 
diffusion.  If  I  then  get  the  same  effect  from  s  as  from  p  it  indi- 
cates that  the  rays  from  p  are  Kontgen  rays,  and  answers  the  very 
point  that  Prof;  Rowland  raised  in  regard  to  diffusion.  They 
would  be  Rontgen  rays,  and  again  doing  the  same  thing  that  they 
did  at  first  at  p,  received  at  s  and  sent  out  again  by  the  secondary 
diffusion.  I  tried  some  experiments  in  this  direction,  but  I  found 
my  screens  were  not  thick  enough.  1  thought  I  got  some  effect,, 
but  the  work  will  have  to  be  done  over  again. 

There  was  another  point  in  this  connection  which  interested  me 
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very  mnch  and  will  require  a  good  deal  of  time  in  experiment- 
ing. I  was  going  to  put  a  substance  like  paraffin  here  at  p  and 
«ay  wood  tliere  at  s  and  then  interchange  them.  Now,  if  we  do 
this,  and  do  it  enough  times  and  with  many  different  substances, 
Ave  may  be  able  to — especially  if  we  could  measure  quantitatively 
the  relation  or  effect — to  discover  that  there  is  a  spectrum  or 
<^olor  value  for  each  substance.  If  tliis  at  p,  for  example,  absorbs 
■certain  wave  lengths  and  sends  out  others,  and  this  substance  at 
s  being  the  same  substance,  passes  them  on,  and  then  is  replaced 
by  another  substance  which  has  a  different  Rontgen  ray  color, 
absorbing  more  of  the  diffused  rays,  the  screen  would  be  darker. 
Interchanging  the  positions  and  changing  the  substances  to  any 
length  would  enable  us  at  last  to  get  at  the  spectrum,  if  there 
was  any  such  thing,  and  at  the  same  time  to  say  that  paraffin 
had  a  certain  ray  color,  so  to  speak,  and  so  on  for  other  substan- 
ces. This  is  in  the  future.  1  simply  mention  it  now,  wishing  that 
somebody  had  more  time  than  I  have  to  investigate  this  field 
and  find  out  what  there  is  in  these  speculations. 

I  was  interested  some   time   ai^o   in   regard  to   the  effect   of 
Kimtgen  rays  on  the  tissues.     1  had  read  a  few  times  that  certain 

)CM>ple  had  been  burned  by  Kontgen  rays.      I  did  not  believe  it. 

"lu'se  rays  went  tlirough  tissue  so  easily  that  their  action  could 
not  amount  to  anything,  but  it  was  certainly  worth  while  investi- 
irating  so  as  to  know.  So  I  used  a  tube,  which  happened  to  be  a 
heavy  blue  glass  tube  with  a  clear  glass  window.  The  blue  glass 
•did  not  allow  the  rays  to  get  out,  and  they  were  absorbed  except 
through  the  clear  glass  portion,  where  I  wanted  them  for  use.  I 
put  my  finger  up  to  the  clear  glass  window  and  kept  the  other 
fingers  pretty  well  shielded  by  the  blue  glass  of  other  parts  of  the 
tube.  I  exposed  the  finger  for  half  an  hour  to  the  rays,  a  Iloltz 
machine  being  the  source  of  electricity.  I  put  the  finger  up 
pretty  close  to  the  tube,  and  after  half  an  hour  I  thought  that 
perhaps  it  was  not  long  enough ;  perhaps  it  was  not  half  enough. 
feut  it  there  were  to  be  any  effect  it  would  be  equivalent  to  a  few 
hours  distance,  and  as  I  got  tired  I  went  no  farther.  I  shut  down 
the  tube  and  went  away.  Five,  six,  seven,  eight  days  passed  and 
nothing  ha])pened,  and  I  felt  that  people  nad  been  mistaken 
about  tne  effect  of  the  rays.  But  on  the  ninth  day  the  finger 
began  to  redden ;  on  the  twelfth  day  there  was  a  blister,  and  a 
very  sore  blister.  On  the  thirteenth  or  fourteenth  day  after 
exposure,  the  blister  had  included  all  the  skin  down  to  the  part 
not  exposed  and  had  gone  around  the  finger  almost  to  the  other 
side.  The  whole  of  the  epidermis  came  away  and  left  an  ulcer 
without  any  possibility  of  recovering  its  own  epidermis  except 
from  the  edges,  and  I  had  to  go  through  that  painful  process  of 
having  a  raw  sore  there  and  tlie  epidermis  growing  in  from  the 
side  and  gradually  closing  up.  Only  three  days  ago  was  the  sore 
actually  closed,  and  the  skin  is  yet  very  tender,  and  nature  doea 
not  appear  to  have  found  out  how  to  make  a  good  skin  over  that 
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finger.  The  skin  still  comes  off  in  flakes  and  is  very  disagreeable 
and  very  tender,  and  there  is  a  burning,  smarting  sensation  every 
now  and  then.  But  I  am  satisfied  it  is  coming  out  all  right.  1 
showed  the  finger,  when  at  its  worst,  to  my  family  physician. 
He  looked  at  it  and  said  :  "  Do  you  think  you  are  going  to  lose 
that  finger  ? "  I  said :  "  No ;  I  don't  think  it  is  as  bad  as  that ; " 
but  I  must  say  that  for  a  time  it  was  a  very  angry  looking  affair. 
Someone  has  said  that  this  is  an  electrostatic  effect;  the  rays 
could  not  do  that ;  you  have  got  an  electric  bum,  and  they  are 
notably  difficult  to  heal.  This  has  taken  six  and  a  half  weeks 
to-day.  But  that  view,  I  think,  is  negatived  by  a  case  reported, 
where  a  girl  at  Oberlin  College  was  made  the  subject  for  exami- 
nation through  the  chest,  and  ner  clothing  was  not  removed,  and 
yet  she  suffered  from  a  very  extensive,  large  ulcer  and  had  to  go  to 
the  hospital  and  stay  there  for  treatment  for  quite  a  while.  The 
doctor  who  had  charge  of  the  case  told  me  of  it  and  said  it  was  a 
very  angry  looking  sore  indeed,  and  the  astonishing  thing  was 
that  it  was  accomplished  through  her  clothing.  Now  if  it  had 
been  electrostatic  or  ozonic,  or  in  accordance  with  other  theories 
that  have  been  put  forward  to  account  for  it,  I  don't  think  it 
would  have  occurred  through  the  clothing.  It  must  have  been 
the  radiation  :  but  whether  it  is  the  radiation  of  Eontgen  or  some 
other  kind  of  radiation  is  another  question,  and  that  is  still  open. 
It  seems  to  me  that  what  is  likely  to  produce  it  is  the  lower  rays ; 
not  the  ones  that  go  through  metal  but  those  of  the  lowest  order, 
and  this  seems  to  oe  indicated  by  the  fact  that  it  stopped  on  the 
edges  of  the  finger  and  did  not  reach  the  other  surface.  If  it 
had  been  the  rays  that  go  through,  I  think  it  would  have  been  the 
whole  finger  that  would  have  been  affected.  It  possibly  has  been 
a  selection  out  of  the  lower  rays,  and  if  in  examinations  we  could 
screen  those  off,  perhaps  we  would  have  no  trouble  in  this  way. 

I  must  tell  you  a  rather  amusing  incident  in  this  connection 
which  is  somewliat  of  a  joke  on  myself.  We  had  a  mouse  caught 
about  a  week  ago.  I  thought,  now,  here  is  a  good  subject ;  per- 
haps I  can  take  the  hair  off  him.  So  I  put  him  in  a  very  small 
wooden  box  with  sides  about  an  eighth  of  an  inch  thick  and 
exposed  him  for  an  hour  to  a  very  intense  source  of  rays  through 
the  wood  of  the  box.  I  put  the  mouse  away  in  anotlier  box — I 
did  not  want  him  to  run  around  in  the  first  and  get  out  of  the 
sphere  of  influence — I  put  him  in  another  box  and  had  a  little 
glazed  cover  so  he  could  get  air  and  I  could  see  him  inside.  I 
put  him  on  a  pretty  high  shelf  in  the  hall  at  the  house.  One 
night  I  was  writing  at  my  desk  at  about  eleven  o'clock  when  I 
heard  a  noise  that  made  me  think  the  clock  was  getting  ready  to 
strike.  As  soon  as  I  got  ready,  I  went  out  and  there  was  the  cat 
on  the  shelf — ^and  the  mouse  gone.  If  we  ever  see  a  hairless 
mouse  around  the  house  after  this  we  will  know  what  was  the 
cause  of  it. 

I  do  not  know  that  there  is  very  much  else  in  this  connection 
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that  I  can  say.  I  did  not  intend  to  speak  about  theory,  and  I 
will  give  place  to  others.  If  anything  occurs  to  me  later,  and 
there  is  an  opportunity,  I  may  add  something. 

De.  M.  I.  tupiN  : — After  a  discussion  of  this  subject  by  two 
such  men  as  Professor  Rowland  and  Professor  Tliomson,  it  is 
difficult  to  add  anything.  They  have  certainly  said  a  great  deal 
about  it.  They  both  confessed  their  ignorance  of  the  subject^ 
and  tire  minutes  ago  I  wondered  liow  much  more  they  would 
have  said  if  they  had  known  sometliing  about  it.  A  few 
more  words  only  can  be  added  concerning  the  experimental 
side  and  still  fewer  concerning  the  theory. 

When  the  discovery  was  first  announced  here,  I,  of  course, 
was  just  as  anxious  as  everybody  else  was  to  make  myself 
familiar  with  the  new  radiation.  But  I  had  neither  an  induc- 
tion coil  of  an  effective  size  nor  Crookes  tubes,  and  so  I  used 
the  high-frequency  coil  and  vacuum  tubes  without  internal 
electrodes;  the  results  obtained  were  good  enough  for  that 
time  and  I  was  perfectly  hap{>y.  Professor  Lodge  confirmed 
my  work  regarding  the  possibility  of  obtaining  Rontgen  rays 
by  tubes  witliout  mtemal  electrodes.  The  experience  which  I 
oDtained  with  the  high-frequency  coil  was  not  a  pleasant  one, 
because  it  used  the  tubes  up  too  rapidly.  In  fact,  after 
exhausting    my    stock    of   electrodeless    tubes  I  obtained  some^ 

genuine  Crookes  tubes,  and  managed  to  break  most  of  them  with 
le  high-f requencv  coil.  Then  I  thought  I  would  change  my 
generator  for  the  sake  of  saving  tubes ;  so  I  borrowed  a  six- 
plate  Holtz  machine  and  some  Crookes  tubes  from  Professor 
Doremus  of  the  College  of  the  City  of  New  York  and 
obtained  rather  good  results  in  this  way.  In  fact  at  that  time 
I  thought  that  tlie  Holtz  machine  was  very  much  better  than 
anything  else.  I  had  not  yet  tried  a  good  induction  coil.  But 
even  now  I  agree  perfectly  with  Professor  Thomson,  that  the 
influence  machine  of  large  output  would  be  an  ideal  machine, 
only  it  is  too  expensive  a  piece  of  apparatus  and  perhaps  some- 
what too  bulky.  An  induction  coil  ]>roved,  so  far  as  my  experi- 
ence goes,  more  satisfactory  than  anything  else — an  induction  coil 
of  large  output — so  that  one  can  always  have  reserve  power  and 
can  call  upon  it  when  he  may  choose.  Now  it  seems  to  me  that  in 
the  use  oi  the  induction  coil  there  is  a  great  deal  of  difference  of 
opinion  as  to  the  modus  operandi.  I  have  used  as  many  as  120 
breaks  per  second,  and  others  have  used  200  breaks  per  second ; 
and  I  have  used  also  a  rotary  current  interrupter,  thinking — and 
I  believe  my  opinion  was  correct — that  a  rotary  current  interrupter 
would  avoid  sparking,  and  give  a  umch  cleaner  break  than  a 
vibrating  current  interrupter.  Yet  I  have  seen  most  creditable 
work  done  by  ordinary  vibrating  interrupters,  where  the  number 
of  interruptions  was  not  more  than  10  to  15  per  second,  or  even 
less.  /  am  not  very  sure  that  it  is  quite  clear  why  a  small  num- 
her  ofbreaJcs  can  evidently  produce  just  as  good  effects  as  a  large 
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number  of  breaks^  both  employing  the  same  »park4ength.  This 
seems  to  7ne  to  be  the  ^nost  important  practical  point  to  investi- 
gate,  because  it  is  by  the  solution  of  the  problem  of  producinjg  the 
X-rays  in  the  most  efficient  way  that  we  can  expect  to  solve  a 
great  many  other  pending  problems,  like,  for  instance,  the  attempt 
which  Professor  Thomson  described  here  for  increasing  the 
wave-length  by  successive  diffusions.  In  this  case  the  chief  diffi- 
culty would  be  that  we  would  have  to  use  substances  like 
paraffin,  wood  and  so  forth  for  the  diffusion  effects,  because  as  I 
demonstrated  last  spring^,  insulators,  as  a  rule,  especially  wood 
and  paraffin  and  so  on,  are  the  best  diff  users,  but  at  the  same  time 
the  best  transmitters  of  the  X-rays,  so  that  only  a  small  propor- 
tion of  the  X-rays  are  diffused  by  the  substance,  and  if  you  use 
successive  diffusions  there  will  be  after  three  or  four  diffusions 
very  little  left  to  experiment  with.  Hence  the  necessity  of  pro- 
ducing the  X-rays  in  as  large  quantities  as  possible.     Now  there 
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is  no  doubt  that  a  certain  quantity  of  energy  per  second  must  be 
sent  through  the  Crookes  tube  in  order  to  produce  the  best 
effect,  and  the  question  arises  whether  we  are  to  follow  what 
may  be  called  the  homeopathic  or  the  allopathic  way  of  sending 
that  energy  through  the  tube.  That  is  to  say,  you  can  send  6 
watts  in  doses  of  one  one-hundredth  part  by  100  breaks  per  sec- 
ond, or  we  can  send  these  5  watts  in  doses  of  one  part  at  a  time 
by  having  only  5  breaks,  and  then  the  question  anses,  in  which 
case  will  we  get  the  best  effect  ?  Prelimmary  experiments  that 
I  have  made  so  far  (but  I  have  not  done  much  lately  on  account 
of  illness)  seem  to  show  that  up  to  a  certain  limit  the  best  way  is 
to  use  large  quantities  of  energy  at  large  intervals  and  not  small 
quantities  repeated  in  rapid  succession. 

Now  as  to  diffusion  and  specular  reflection  of  the  X-rays. 

1.  Science,  April  10,  1806. 
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Last  spring  I  was  trying  to  produce  a  reflection  of  the  X-rajs  at 
about  the  same  time  other  experimenters  were  doing  the  same 
thing,  both  in  this  country  and  abroad.  Some  ox  these  men 
obtained  what  they  supposed  to  be  regular  reflection.  The 
method  of  procedure,  as  you  all  know,  was  to  place  a  polished 
reflecting  plate  at  a  certain  angle  to  the  X-rays,  and  then  place 
perpendicularly  to  the  direction  in  which  we  would  expect  the 
X-ray  beam  to  be  reflected,  a  photographic  plate,  and  if  an  image 
is  obtained,  that  would  be  some  sort  oi  a  proof  that  the  X-rays 
were  reflected.  At  that  time  it  struck  me  that  this  does  not 
constitute  a  valid  proof  that  the  X-rays  are  reflected,  since  diffus- 
ion would  produce  a  similar  effect.  In  all  experiments  of  this 
kind,  the  enect  of  regular  reflection  will  be  very  much  masked  by 
the  effect  of  diffuse  reflection,  and  now  permit  me  to  say  a  word 
or  two  on  this  point  and  also  to  suggest  away  in  which  this  ques- 
tion may  perhaps  be  decided.  Suppose  that  we  have  a  tube  at 
A,  Fig.  3,  so  that  the  X-rays  will  proceed  along  a  h  and  ac.  Say 
that  we  have  a  slit  at  d  and  allow  only  the  part  of  the  X-rays 
which  go  through  this  slit  to  strike  a  polished  surface  b  c.  Then 
if  we  place  a  photographic  plate  at  e  /*,  say  near,  to  the  angle  in 
which  we  expect  regular  reflection,  we  should  obtain  an  image  of 
this  slit  at  ff  A,  that  is  to  say,  the  maximum  density  of  the  radia- 
tion received  by  the  plate  efyn\]  he  somewhere  between  g  and  A. 
But  we  might  obtain  a  similar  maximum  even  if  regular  reflec- 
tion does  not  exist;  for  if  the  strip  b  c  ib  diffusing  perfectly,  that 
is,  somewhat  as  an  illuminated  wall  diffuses  light,  then  the  maxi- 
mum amount  of  diffusion  will  be  in  a  direction  perpendicular  to 
the  plate  b  <?,  and  the  amount  of  diffusion  in  any  other  direction 
will  be  equal  to  this  maximum  multiplied  by  the  cosine  of  the 
angle  included  between  this  direction  and  the  normal  to  b  c;in 
other  words,  the  diffusion  follows  Lambert's  law.  Now  a  sim- 
ple consideration  will  show  that  the  maximum  amount  will  be 
received  by  a  strip  along  g  h  where  we  get  a  maximum  by  regu- 
lar reflection  ;  so  that  the  maximum  at  g  h  does  not  by  any 
means  indicate  that  there  is  regular  reflection  •  because,  as  I  said, 
diffusion  will  also  give  a  maximum  there,  Now,  suppose  that 
both  diffusion  and  regular  reflection  exist ;  then  the  two  effects 
would  be  superposed  there,  and  we  would  not  know  how  much  is 
dne  to  regular  reflection  and  how  much  is  due  to  diffusion.  If, 
however,  we  useat  b  c  instead  of  a  plane  reflecting  plate,  a  spherical 
mirror  J,  c,  rf.  Fig.  4,  and  allow  the  X-rays  ab^  a  d  to  fall  on  this 
spherical  plate,  then  the  part  which  is  diffused  will  be  brought  ta 
a  focus  at  the  centre  e  of  this  mirror,  because  a  radiation  by 
diffusion  is  always  maximum  normally  to  the  elements  of  the  sur- 
face, that  is,  if  it  is  diffusion  like  the  ordinary  diffusion,  and  that 
it  seems  to  be  according  to  my  experiments ;  whereas  the  rays 
that  are  regularly  reflected  would  he  brought  to  a  focus  at  a  dif- 
ferent place,  somewhere  in  the  vicinity  of  the  point/*.  In  that 
way  we  could  separate  the  two,  and  also  by  measuring  the  time 
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of  exposure  at  the  points  c  and/' get  approximately?  the  compara- 
tive strength  of  the  two  reflections. 

The  subject  is  sufficiently  interesting  to  deserve  a  careful 
experimentation  of  this  kind,  although,  of  course,  it  would  be 
very  diflicult  to  produce  desirable  effects,  because  if  we  use  a  pol- 
ished mirror  like  a  speculum-metal  mirror  and  allow  only  a  small 
amount  of  X-rays  to  fall  on  it,  reflected  radiation  is  extremely 
small  and  the  time  of  exposure  would  have  to  be  excessively 
long.  Still  I  think  that  the  effects  can  be  produced,  and  I 
intend,  as  soon  as  my  liealth  will  permit,  to  hiake  experiments  of 
this  kind. 

Now  as  to  the  theory.  With  your  kind  permission,  I  ven- 
ture to  add  a  few  words  to  what  Professor  Rowland  has 
already  said,  and  wish  to  call  particular  attention  to  some  of 
Professor  Helmholtz's  theories.  This  is  the  more  desirable 
as  one  of  these  theories  has  been  criticised  lately  rather  harshly 
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by  Mr.  Oliver  Heaviside,  owing  undoubtedly  to  a  misunder- 
standing on  his  part.  Among  the  various  theories  suggested 
last  spring  to  account  for  this  X-ray  radiation  there  was  one 
which  Professor  Bowland  did  not  mention,  but  which  I  shall 
briefly  describe,  because  it  resembles  somewhat  closely  the 
theory  proposed  by  Professor  Stokes :  namely,  the  theory  that 
in  the  A-ray  radiation  we  may  probably  have  a  sort  of  circu- 
lating motion  of  the  ether.  You  know  that  according  to 
Maxwell's  electro-dynamics  the  stresses  in  the  electromagnetic  field 
are  distributed  in  such  a  way  as  to  produce  a  pondermotive  force 
acting  on  the  ether,  and  this  pondermotive  force  is,  as  a  rule^ 
counterbalanced  by  the  incompressibility  of  the  ether  ;  so  that^ 
as  a  rule,  there  is  no  motion  of  the  ether  under  the  influence  of 
tliis  force.  For  instance,  a  rubber  ball  when  it  is  compressed  by 
a  uniformly  distributed  normal  surface  pressure,  counterbalances 
this  pressure  by  its  elastic  reaction  and  there  is  no  motion  of  the 
rubber  ball   as  a  whole.     Helmholtz  was  the  first  to  propose 
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the  question  whether  it  is  possible  that  the  ether  should  move 
bodily,  owing  to  the  action  of  pondermotive  forces  not  balanced 
by  its  imcompressibility.  It  is  not  necessary  to  go  into  any 
detailed  discussion  of  what  would  happen  in  the  ordinary  mag« 
netic  field.  I  will  only  mention  the  case  which  Helmholtz  dis- 
cussed, namely,  the  case  where  there  is  no  ponderable  matter  in 
the  ether.  Suppose  that  we  have  a  space  containing  no  ponder- 
able matter  ;  the  question  arises  then,  can  there  be  such  a  distri- 
bution of  stresses,  or  in  other  words,  of  electric  and  magnetio 
forces,  as  to  produce  a  motion  of  the  ether  there.  Helmholtz 
gave  an  answer  to  this  question  and  proposed — this  was  in  1S93 — 
t;o  go  into  an  additional  discussion  of  the  same  problem,  but 
unfortunately  he  died  in  1894:.  This  is  the  answer  which  he 
^ve:  Suppose  that  there  is  n;iotion  of  electromagnetic  energy; 
tnen  say  that  the  velocity  of  this  motion  in  a  given  direction  is  jt?, 
then  the  pondermotive  force  acting  upon  the  ether  in  that  direc- 
tion is  proportional  to  -^.     This  force  is  not  oaimterbalanced  by 

the  iticompressibility  of  the  ether  and  therefore  will  produce 
motion  of  the  ether. 

Let  us  suppose  that  this  space  is  a  Crookes  tube.  We  have 
then  an  approximation  to  a  part  of  an  electromagnetic  field  in 
which  there  is  no  ponderable  matter.  Let  us  accept  the  hypoth- 
esis which  is  so  well  supported  in  England,  namely,  that  the 
•cathode  rays  consist  of  negatively  charged  particles,  moving  at 
very  high  velocity,  we  shall  have  then  as  soon  as  the  spark 
breaks  through  between  cathode  and  anode,  and  negatively 
charged  particles  begin  to  move  from  the  cathode,  a  motion  of 
•electromagnetic  energy,  and  it  can  be  easily  calculated,  and 
was  calculated  for  a  single  charged  particle  by  Professor  J.  J. 
Thomson  in  the  first  chapter  of  his  book  on  "Recent  Re- 
searches in  Electricity  and  Magnetism."  The  motion  of  that 
electromagnetic  energy  is  in  the  same  direction  in  which  the 
particles  move.  The  lines  of  force  of  the  magnetic  field  pro- 
duced by  a  motion  of  a  charged  particle  are  meridian  circles 
to  whicn  this  line  of  motion  is  an  axis.  Lines  of  electric  force 
are  everywhere  perpendicular  to  these  circles.  Energy  moves 
along  lines  which  are  perpendicular  to  the  electric  and  magnetic 
lines  of  force.  We  have  then,  when  a  negatively  charged  parti- 
cle begins  to  move  from  the  cathode,  a  beginning  of  motion  of 
energy — the  velocity  changes  from  zero  to  a  certain  very  large 
quantity.  Therefore  we  ought  to  cet,  as  soon  as  the  discharge 
commences,  a  pondermotive  force  which  tends  to  move  the  ether 
in  the  direction  of  the  cathode  rays,  and  tliis  force  will  be  the 
more  intense  the  more  disruptive  the  discharge  is.  When  the 
negatively  charged  particle  strikes  an  obstacle,  say  the  glass  wall 
of  the  vacuum  tube  or  the  antieathode,  we  should  have  then  the 
energy  flux  changing  from  a  very  large  value  to  a  certain  very 
fimall  value.      We   get   then   again   a  force   tending   to   move 
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tlie  ether  in  the  direction  directly  opposite  to  the  cathode  rays. 
According  to  this  view  the  cathode  and  the  surface  struck  by  the 
catliode  rays  become  the  seat  of  points  from  which  radiate  forces 
tending  to  produce  a  bodily  motion  of  ether,  Wliether  they 
really  produce  an  actual  motion  of  the  ether  or  not,  and  what  the 
nature  of  this  motion  is — ^these  are  questions  which  can  be 
decided  by  the  coordination  of  experimental  facts  derived  from 
the  study  of  the  X-rays.  This  possible  view  of  the  X-ray 
phenomena  was  suggested  by  me  in  an  article  which  I  published 
m  Science  of  April  lOth,  1896,  and  I  still  consider  it  worthy 
of  some  consideration,  although  I  must  admit  frankly  that  in  our 
present  state  of  knowledge  of  the  physics  of  X-rays,  very  little 
weight  only  can  be  attached  to  any  theory. 

Tliere  is  another  view  which  I  wish  to  discuss  briefly,  and  that 
is  the  view  offered  by  Helmholtz's  electromagnetic  dispersion 
theory.  You  have  heard  it  mentioned  that  the  X-rays  are  in  all 
probability  ordinary  light  of  very  short  wave-length.  Then,  ac- 
cording to  Helmholtz's  dispersion  theory,  these  wave-lengths  may 
be  so  short  as  to  suffer  neither  refraction  nor  polarization  by 
ordinary  matter.  Let  us  see  whether  this  theory  explains  how 
we  should  be  able  to  produce  these  rays  of  excessively  short 
wave-length  by  the  electric  action  in  a  vacuum  tube.  Every 
dispersion  theory  which  explains  how  a  substance  will  act  with 
respect  to  certain  waves,  must  also  at  the  same  time  be  cap- 
able of  explaining  how  these  wave-lenffths  can  be  produced. 
Otherwise  it  does  not  completely  fulfil  its  function.  The 
Helmholtzian  theory  differs,  in  my  opinion,  radically  from  all 
other  electromagnetic  theories  of  dispersion  in  this  way :  Some 
of  these  theories  proceed  from  no  definite  physical  basis,  but 
start  with  tentative  mathematical  assumptions.  The  physical 
basis  of  the  others  may  be  obtained  somewhat  as  follows :  Sup- 
pose that  we  have  an  electric  system  consisting  of  say  seven 
parts,  each  part  containing  self-induction,  capacity  and  ohmic 
resistance.  This  system  of  electric  conductors  is  a  vibratory 
system,  and  if  disturbed  by  an  electric  impulse  it  would  become 
the  seat  of  electric  vibrations,  not  vibrations  of  a  single  period, 
but  of  seven  different  periods.  That  is  to  say,  in  each  of  the 
seven  conductors  we  should  have  an  electric  oscillation  composed 
of  seven  singly  periodic  vibrations.  The  amplitude  of  each  par- 
ticular frequency  in  any  conductor  depending,  of  course,  on  the 
constants  of  that  conductor.  A  system  like  that  when  disturbed, 
will  send  forth  electrical  waves  of  seven  different  wave- lengths, 
and  if  we  could  use  suitable  means  like  prisms,  we  should  get 
if  the  waves  are  sufliciently  short ;  an  electric  spectrum,  because 
of  course,  for  each  of  the  seven  different  waves  the  prisms  will 
have  a  different  index  of  refraction.  Now  suppose  that  we 
diminish  the  size  of  this  electrical  system  until  we  get  to  molec- 
ular dimension,  we  would  then  have  what  may  be  considered  a 
molecule  consisting  of  the  component  atoms,  each  atom,  as  it 
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were,  having  all  the  electrical  properties  of  an  electric  conductor, 
namely,  self-induction,  resistance  and  capacity.  Each  molecule 
would  then  have  a  multiple  period  of  vibration  ;  and  therefore 
capable  of  sending  so  many  diflferent  wave-lengths,  which  sent 
through  a  prisnu  would  give  a  spectrum  of  the  molecule. 

Now  several  of  the  more  important  dispereion  theories  to-day, 
are  based  on  physical  conceptions  of  this  kind — that  the  mole- 
cules consist  of  component  parts,  and  each  component  atom  is 
in  a  certain  sense  an  electric  resonator,  having  the  properties 
of  self-induction,  capacity  and  resistance.  This  assumption 
forms  the  weak  point  of  these  theories.  Now  the  Helmholtzian 
theory  is  radically  different  in  that  it  makes  no  assumptions  of 
this  improbable  kind.  The  physical  basis  of  the  Helmholtzian 
theory  is  suggested  by  the  experimental  fact  which  is  the  founda- 
tion of  modern  electro-chemistry,  the  fact  namely,  that  to  every 
valency  of  an  atom,  there  is  a  definite  quantity  of  electricity 
attached,  and  that  therefore  in  a  molecule  we  have  in  each  com- 
ponent atom  a  perfectly  definite  quantity  of  electricity.  Then, 
according  to  Ilelmholtz's  theory,  if  there  is  electric  force  in 
the  ether,  say  an  electric  wave,  that  electric  wave  will  act  upon 
the  molecule  by  acting  upon  the  electrical  charges  which  are 
attached  to  the  valencies  of  each  component  atom.  Such  a 
molecule  when  disturbed  will  become  the  seat  of  electric  vibrations, 
not  vibrations  such  as  take  place  in  an  electric  circuit,  but  vibVations 
which  we  get  by  causing  a  charged  body  to  oscillate.  This  kind 
of  electric  vibration  in  the  molecule  is  determined  not  only  by  the 
electric  relations  between  the  component  atoms,  but  also  by  the 
mass  of  the  atom,  and  also  by  the  mechanical  force  acting 
between  the  atoms  in  the  molecule.  Ilelmholtz's  theory  dis- 
cusses these  vibrations  in  a  bipolar  molecule,  but  it  is  not  at 
all  difficult  to  see  what  would  take  place  in  a  more  complex 
molecule.  A  molecule  consisting  of  say  a  thousand  atoms 
would  have  a  thousand  different  periods  of  oscillation.  In 
fact  each  atom  in  the  molecule  vibrates  with  a  complex  harmonic 
vibration,  consisting  of  the  superposition  of  a  thousand  simple 
harmonic  vibrations  of  different  periods.  Sonje  of  them  may  be 
very  high  and  some  very  low,  comparatively  speaking ;  and 
whenever  an  electric  wave  of  a  periodicity  corresponding  to  one 
of  these  periodicities  strikes  the  molecule,  there  is  resonance ; 
that  is,  the  wave  is  very  much  absorbed.  The  index  of  refraction 
of  a  wave  passing  through  a  substance  having  resonating  molecules, 
will  be  quite  different  than  the  index  of  refraction  for  waves 
which  awake  no  resonance  in  the  molecule,  since  both  the  index 
of  refraction  and  the  eoeflicient  of  absorption  for  a  given  wave 
depend  on  the  resonance  relation  between  the  wave  and  the 
molecule. 

This  short  account  of  the  dispersion  theory  suffices  to  prepare 
us  for  an  explanation  of  the  manner  in  which  these  very  high 
frequencies  and  the  accompanying  excessively  short  waves  which 
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would  correspond  to  the  Rontgen  rays  could  be  generated  by  the 
dipcharge  in  a  vacuum  tube.  Consider  a  vibratory  system  consist- 
ing of  a  thousand  different  but  interconnected  parts.  It  has  a 
thousand  different  periods  of  vibration,  and  each  component 
part  will  vibrate  with  the  same  complex  harmonic  vibration 
consisting  of  a  thousand  simple  hannonic  components.  Tlie 
relative  values  of  the  amplitudes  of  these  simple  harmonic 
components  depend  altogether  on  the  manner  of  excitation. 
Take  a  bell,  for  instance.  If  you  strike  a  bell  with  a  small 
hammer  and  give  it  a  very  sharp  tap  you  will  bring  out  the  high 
shrill  notes  in  the  bell.  That  is  the  higher  \abrations  will  be 
brought  out  more  prominently  than  the  lower  ones.  In  the 
same  way  if  a  molecule  is  excited  by  striking  the  molecule* 
against  each  other,  as  occurs  during  the  molecular  motion  which 
corresponds  to  sensible  heat,  then  the  higher  the  temperature, 
the  quicker,  the  sharper  will  be  the  tap,  the  stronger  will  be  the 
higher  vibrations.  This  is  the  generally  accepted  explanation 
for  the  shifting  of  the  spectrum  energy  toward  the  blue  end  as  the 
temperature  increases.  In  the  Crookes  tube  we  in  all  probability 
have  the  best  method  of  exciting  the  very  highest  vibrations ; 
because  here  the  negatively  charged  particles  \diich  are  torn  off 
from  the  cathode  are  moving  with  enormous  velocity,  and  where- 
ever  they  strike  an  obstacle,  say  the  glass  of  the  tube  or  the  plati- 
num plate  of  the  anode,  there  they  produce  an  impulse  of  the 
very  nighest  degree  of  sharpness,  very  much  sharper  than  any 
existing  temperature  has  yet  been  able  to  produce.  The  ampli- 
tudes of  the  very  highest  vibrations  in  the  molecule  are  made 
prominent,  and  they  manifest  themselves  as  the  X-rays.  But  if 
the  X-rays  are  really  transverse  vibrations,  then  we  should  in  all 
probability  along  with  them  have  other  vibrations  of  lower  period 
also,  but  only  weaker,  just  as  in  the  ordinary  excitation  bv  means 
of  the  electric  arc  or  by  a  Bunsen  burner  the  amplitudes  of  tne  lower 
vibrations  are  brought  out  prominently,  but  the  higher  vibrations 
are  also  present  but  only  much  weaker. 

Helmholtz's  theory  was  criticised  lately  by  Mr.  Oliver  Heavi- 
side,  but  unjustly,  owing  undoubtedly  to  a  misunderstanding  on 
Mr.  Heaviside's  part.  Sir.  Ileaviside  applies  a  peculiar  test  to 
this  theory ;  the  test,  namely  that  the  system  of  mechanically 
vibrating  ions  should  satisfy  certain  conditions  which  exist  in  an 
electric^  system  composed  of  coils  and  condensers,  such  as  I  have 
described  above.  If  we  examine  a  little  more  closely  we  will  see 
that  the  Helmholtzian  theory,  although  it  is  not  called  upon  to 
satisfy  conditions  of  this  kmd,  does  actually  satisfy  them,  pro- 
vided, however,  that  a  single  mistake,  which  was  corrected  a  year 
ago  by  Dr.  Reiff,  is  corrected.  This  mistake  does  not  affect  the 
main  results  of  the  Helmholtzian  theory,  and  there  was  no 
necessity  to  worry  so  much  over  it  as  Mr.  Heaviside  did,  especi- 
ally when  there  is  danger  that  his  criticism  might  produce  the 
impression  that  the  Helmholtzian  theory,  which  was  brought  out 


488  THE  RONTQKN  RAT.  [Dec.  16, 

« 

very  prominently  in  connection  with  the  X-ray  phenomena, 
might  have  some  weak  and  inconsistent  point  in  it,  and  therefore 
might  be  misleading.  It  is  not  so,  but  on  the  contrary  it  is  one 
of  the  most  beautiful  and  most  suggestive  theories  in  this 
<;onnection. 

Dr.  a.  E.  Kennelly  : — Mr.  President  and  Gentlemen  : — I 
have  been  so  much  fascinated  with  the  delightful  remarks  we 
have  heard  this  evening  from  some  of  the  earlier  speakers,  that  I 
only  regret  that  in  a  weak  moment  I  consented  to  join  in  this 
discussion,  and  that  I  have  so  little  to  add  to  it. 

Just  one  word  about  the  theory  of  the  subject.  Whatever  may 
be  the  nature  of  the  Rontgen  ray,  it  must  be  either  a  bodily  move- 
ment of  matter,  or  a  movement  of  a  disturbance  in  matter,  or  a 
bodily  movement  of  ether;  or,  finally,  a  movement  of  a  disturb- 
ance in  ether.  As  regards  the  first  supposition,  that  X-rays  are 
streams  of  matter  in  motion,  or  of  projected  molecules,  there  is 
an  experiment  which  seems  to  negative  it.  A  Crookes  radio- 
meter vane  does  not,  as  far  as  I  have  been  able  to  discover,  recede 
from  an  excited  Rontgen  ray  tube.  One  would  suppose  that  it 
would  be  powerfully  repelled,  if  X-rays  were  bombardmg  streams 
of  particles. 

As  regards  the  three  remaining  hypotheses,  it  is  to  be  hoped 
that  future  researches  will  show  that  X-rays  are  ultra-ultra-violet 
light  rays.  Not  only  would  this  be  the  simplest  conception  that 
we  can  at  present  frame,  since  it  would  only  call  for  further 
extension  of  the  spectrum,  but  it  would  also  keep  X-rays  within 
the  limits  of  electro-magnetic  waves  and  in  the  immediate  prov- 
ince of  electricians. 

In  reference  to  the  applications  of  X-rays,  I  have  made  a  few 
experiments,  in  conjunction  with  Professor  Houston,  upon  the 
perception  of  X-rays  by  the  blind.  These  experiments  seem  to 
show  that  where  the  mechanism  of  the  retina  has  been  destroyed, 
leaving  the  optic  nerve  in  a  useless  or  atrophic  condition,  no 
X-rays  are  perceived.  When  the  mechanism  of  the  eye  is  intact, 
but  the  optic  nerve  is  deranged  or  paralyzed,  some  visual  concep- 
tion may  be  obtained  by  the  stimulus  of  X-rays.  When  tne 
optic  nerve  and  retina  are  both  intact  but  the  cornea  is  deranged, 
the  fluorescent  effect  of  X-rays  upon  a  calcium  tnngstate  screen 
held  before  the  eyes,  excites  the  visual  sensation  in  the  ordinary 
manner  to  a  large  degree  that  depends  upon  the  corneal  opacity. 
It  would  seem,  however,  although  it  is  not  certain,  that  the 
corneal  opacity  may  itself  feebly  serve  as  a  fluorescent  screen, 
and  that  X-rays  filtered  through  wood  or  pasteboard  falling  on 
some  eyes  that  are  corneally  blmd  produce  a  faint  visual  sensation 
of  diffused  light. 

Mr.  Max  Osteeberg  : — I  have  only  a  few  words  to  add,  and 
those  words  are  practically  in  connection  with  remarks  made  by 
Prof.  Thomson  and  afterwards  discussed  by  Dr.  Pupin.  Tney  are 
in  regard  to  the  amount  of  energy  necessary,  and  furthermore  in 
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connection  with  the  kind  of  vibrator  need  on  the  induction  coil. 
We  might  add  just  one  more  condition  and  then  the  subject  will 
be  a  little  plainer.  Let  us  differentiate  between  an  investigation 
which  we  want  to  perform  by  means  of  taking  a  picture,  and  one 
where  we  simply  wish  to  make  an  investigation  with  a  fluoroscope. 
Of  course,  1,  like  the  others,  have  generally  used  my  bones,  because 
they  were  in  most  cases  handier  than  coins.  I  always  had  them 
with  me.  The  question  of  energy,  to  my  mind,  is  simply  this : 
In  the  first  place  we  want  the  energy  to  be  in  the  primary  circuit 
of  our  induction  coil.  In  the  second  place  we  want  this  enersy 
in  the  secondary  of  the  induction  coil.  In  order  to  get  it  into 
the  primary,  it  is  necessary  that  we  have  a  large  induction  coil  ^ 
that  we  should  charge  the  induction  coil  for  quite  some  time. 
In  other  words,  the  make  should  be  rather  long,  while  the  break 
should  be  very  disruptive.  We  cannot  possibly  produce  a  very 
long,  or  comparatively  long  make  with  a  very  short  break  on  an* 
ordinary  vibrator;  and  consequently  we  are  forced  to  use  a  ro- 
tary circuit-breaker  where  we  can  make  the  length  of  charge  just 
as  great  as  we  choose.  So  far  as  the  breaking  is  concerned,  it 
appears  that  the  most  essential  point  is  that  this  break  should  be 
disruptive.  In  a  fluoroscope  investigation  this  would  hurt  the  eye 
very  badly,  because  there  would  be  constant  flickering.  I  have 
tried  several  times  to  close  the  circuit  of  the  primary  for  some 
time  and  then  break  very  suddenly.  I  found  at  those  times  that 
the  fluoroscope  would  fluoresce  considerably — in  fact,  a  great 
deal  more  than  it  would  if  I  kept  the  rotary  vibrator  or  the 
ordinary  vibrator  on  the  circuit.  But,  of  course,  if  you  want  ta 
take  a  picture,  and  if  it  is  true  that  we  only  get  the  real  X-ray 
effect  at  the  moment  of  break,  then  it  is  practical Iv  a  question  of 
length  of  time  of  exposure.  If  the  ordinary  vibrator  gives  ua 
a  considerable  effect,  we  might  as  well  have  the  ordinary  vi- 
brator and  expose  a  greater  length  of  time.  But  if  we  can  put 
more  energy  into  the  primary  circuit  with  a  rotary  vibrator,  we 
might  better  do  that. 

As  to  the  energy  in  the  secondary,  it  seems  to  me  that  it 
should  be  properly  distributed.  There  are  three  places  throngb 
which  the  energy  in  the  secondary  of  the  induction  coil  is  illus- 
trated :  First,  m  the  secondary  of  the  coil,  then  in  the  leading 
wires,  and  finally  in  the  tnbe.  It  is  found  that  unless  the  tube 
works  at  its  very  best  condition  for  the  production  of  these  rays 
that  there  is  considerable  brush  discharge  along  the  wires.  This 
cannot  be  regulated  very  well  because  we  do  not  know  how  to 
regulate  the  tube  ;  but  it  can  be  regulated  by  changing  the  lead- 
ing wires.  I  think  Dr.  Pupin  was  the  first  one  to  suggest  that, 
and  I  believe  he  must  have  been  arguing  in  the  same  direction 
when  he  made  the  suggestion,  and  that  is  to  introduce  an  air- 
gap  in  the  leading  wires  from  the  secondary  to  the  tubes.  This 
air-gap  then  will,  of  course,  be  one  of  the  parts  of  the  circuit, 
and  that  can  be  varied  from  a  very  small  fraction  of  an  inch  Uy 
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quite  a  considerable  length.  In  that  case  the  brush  discharge 
is  practically  nothing,  and  the  tube  can  be  constantly  kept  at  a 
certain  constant  fluorescence  of  activity. 

The  next  question  is  tliat  of  the  alternating  current  versu%  the 
direct.  I  meant  to  say  something  on  that  snbject,  but  Prof. 
Thomson  lias  cut  me  short  somewhat,  because  he  outlined  or 
rather  explained  the  new  method  which  had  been  suggested  by 
Mr.  Lemp  and  employed  by  him  ;  that  is  to  use  a  direct  current 
or  uni-directional  current  in  the  tubes.  Of  course,  ordinarily  this 
has  not  been  done,  but  I  think  that  up  to  the  present,  the  alter- 
nating current  would  be  very  mucli  inferior  to  the  direct,  for  the 
simple  reason  that  the  anode  and  cathode  being  constantly  chang- 
ing, there  will  be  a  constant  disintegration  of  the  platinum  as 
soon  as  it  becomes  the  cathode,  and  tliis  will  tend  to  blacken  the 
bulb,  and  therefore  spoil  the  tube  rather  quickly.  The  direct  cur- 
rent, furthermore,  will  be  constantly  acting  in  the  same  direction, 
while  if  the  alternating  current  acts  twice,  the  frequency  would 
practically  correspond  only  to  one-half  the  number  of  makes  and 
breaks  on  the  direct  circuit,  and  in  that  way  the  time  of  charging 
the  primary  coil  would  be  doubled  by  using  the  direct  current,  or 
it  would  only  be  half  the  amount  by  using  the  alternating  current. 

Prof.  Rowland  : — I  made  a  few  notes  with  regard  to  what 
has  been  said,  but  they  are  made  in  such  a  way  that  1  do  not  be- 
lieve that  I  can  interpret  them  myself,  especially  as  the  hour 
seems  to  be  getting  rather  late.  One  or  two  remarks,  however, 
I  would  like  to  make.  When  Prof.  Thomson  said  that  he  got 
such  a  large  amount  of  rays  from  an  insulated  piece  of  platinum 
by  letting  the  cathode  rays  fall  upon  it,  he  made  a  sketch 
{Fig.  1).  With  the  exception  of  this  end,  which  was  flat,  that  is 
the  kind  of  tube  that  I  used.  Now,  there  was  absolutely  no 
effect?  when  this  was  made  an  anode  and  this  a  cathode,  so 
that  all  the  cathode  rays  were  striking  on  the  platinum.  1  have 
the  photograph;  I  got  no  effect  whatever.  Now,  if  Prof.  Thom- 
son got  an  enect  in  this  case  and  I  did  not  get  an  effect  in  that 
case,  1  have  got  a  case,  at  least,  where  none  of  these  rays  were 
produced  by  the  fallng  of  the  cathode  rays  upon  the  object.  It 
doesn't  make  any  difference  how  many  otner  persons  have 
something  in  which  they  do  get  an  effect.  If  I  did  not  get  an 
effect,  that  is  one  case,  understand.  That  is  the  case  where  the 
cathode  ray  fell  on  an  object  and  I  got  no  Rontgen  ray.  If 
other  people  got  them  in  otiier  ways,  why,  there  is  some  otjier 
disturbance  coming  in.     1  don't  know  what  it  is. 

Prof.  Thomson  : — I  should  like  to  say  just  there,  professor,  if 
you  would  allow  me,  that  I  used  exactly  that  arrangement  first 
and  got  rays  with  the  concave  cathode.  The  anode  at  thifi  end 
and  the  interposed  plate  of  platinum  between,  with  that  wire 
extending  outward,  is  the  standard  form  of  Crookes  tube — the 
first  tube,  in  fact,  that  I  used.   I  got  not  only  sharp  effects  but  rays. 

The  Chairman  : — Was  the  platinum  red  ? 
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Prof.  Thomson  : — The  platinum  was  red — yes,  of  course,  and 
it  was  a  vigorous  source  of  rays.  I  got  rays  witli  the  same  tube 
that  Professor  Rowland  does  not  get  them. 

Prof.  Rowland: — Well,  that  has  nothing  to  do  with  the 
point.  The  point  that  1  raise  is  this,  tliat  there  was  certainly 
no  doubt  that  I  did  not  get  any,  and  the  cathode  rays  were  fall- 
ing from  the  object.  That  is  the  thing.  Now,  one  thing 
that  I  wish  to  remark  is  that  most  people  draw  a  tube  like  that. 
They  don't  say  where  the  wires  go.  Mine  generally  went  out, 
so  that  they  were  very  far  away  from  this  object.  By  curv- 
ing wires  around  in  different  ways  I  can  get  an  inductive  action. 
I  don't  doubt  that  I  could  fix  up  a  tube  so  that  I  could  get  lots  of 
rays  out  of  any  part.  However,  the  time  is  passing,  and  I 
will  just  say  one  word  with  regard  to  the  point  rrof.  Thomson 
raised  with  regard  to  the  fluorescence  over  the  surface  ot*  the 
glass.  He  thought  something  was  stopped  by  the  glass.  I  must 
say  that  Lenard,  when  he  first  experimented  upon  this  subject — 
and  I  regard  his  experiments  as  quite  as  valuable  as  Rontgen's, 
probably — ,  he  got  several  kinds  of  rays  coming  out  through  an 
aluminium  window.  He  got  rays  which  were  deflected  by  the 
magnet,  as  well  as  others.  He  had  not  separated  them  how- 
ever. When  the  Lenard  paper  came  to  the  laboratory  I  remarked 
to  my  students:  ''That  is  the  best  discovery  that  has  been 
made  in  many  a  day.''  I  immediately  set  somebody  to  work  eic- 
perimenting.  He  tried  to  get  some  results  and  would  probably 
nave  discovered  the  Rontgen  rays  at  that  time  if  it  had  not 
been  that  the  University  of  Chicago  called  him  off,  and  Johns 
Hopkins  University  was  very  poor  and  could  not  call  him  back, 
and  he  had  to  stop  in  the  midst  of  his  work.  They  always  say 
in  Baltimore  that  no  man  in  that  city  should  die  without  leaving 
something  to  Johns  Hopkins.  Now,  Dr.  Pupin  mentioned  a 
means  of  showing  whether  the  rays  were  reflected — a  little  re 
flector  in  which  he  had  them  brought  to  a  focus,  as  I  recollect  it. 
I  have  read  an  account  in  which  an  experimenter  did  find  the 
rays  were  brought  to  *a  focus,  showing,  provisionally  at  least, 
that  there  was  some  regular  reflection.  But  these  experiments 
should  all  be  repeated  many  times  before  one  actually  believes 
them.     We  don  t  always  believe  what  we  read. 

Now,  as  to  Helmholtz's  theory  of  the  motion  of  the  ether  and 
so  on — well,  as  I  said  before,  what  is  the  motion  of  the  ether  ? 
What  is  motion  of  the  whole  ether?  You  cannot  move  the 
ether  in  the  whole  universe  all  at  once,  and  if  you  do  not  move 
the  ether  in  the  whole  universe  all  at  once  but  only  move  a  part, 
then  it  is  a  wave,  so  it  amounts  to  the  theory  that  I  gave — an 
impulse,  such  as  Stokes  had.  Now,  an  impulse  such  as  Stokes 
had  does  not  go  in  a  straight  line — it  goes  around  corners — and 
itdoesnotgo  in  a  straight  line  unless  there  are  lots  of  waves 
coming  out.  We  can  readily  prove  that  an  ordinary  molecule, 
vibrating  to  ordinary  light,  must  give  out  a  hundred   thousand 
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waves  without  much  diminution  of  amplitude,  or  else  you  cannot 
have  the  sharp  lines  in  the  spectrum  that  we  do.  The  molecule 
must  vibrate  a  lon^  time — longer  than  any  bell  that  we  can 
make.  We  cannot  iind  a  bell  that  will  give  out  a  hundred  thou- 
sand vibrations  without  much  diminution.  For  etherial  waves 
something  must  vibrate  to  produce  them.  What  it  is  I  don't 
know  that  there  is  any  necessity  for  discussing,  because  you  can 
discuss  it  forever  and  never  get  any  nearer  to  it.  Something 
vibrates.  Now  the  thing  that  vibrates  we  don't  know.  We 
don't  know  whether  it  is  electricity  oi;  whether  it  is  mechanical  mo- 
tion. We  know  nothing  about  it.  I  have  often  said  to  my  stu- 
dents, when  I  showed  them  the  spectrum  of  some  substance  like 
uranium,  in  which  we  were  taking  photographs  which  would  be 
perhaps  ten  feet  long — so  line  in  grain  that  you  could  not  put 
the  point  of  a  pencil  on  it  without  finding  a  line.  There  were 
thousands  of  lines.  I  said  to  them  :  "  A  molecule  of  matter  ia 
more  complicated  a  great  deal  than  a  piano.  Counting  the  over- 
tones and  everything,  you  would  not  probably  get  up  anywhere 
near  the  number  of  tones  you  get  out  of  a  single  molecule  of 
uranium.  Therefore  it  rather  looks  as  if  the  uranium  molecule 
was  very  complicated."  Of  course,  all  those  spectrum  lines  do 
not  indicate  fundamental  tones — many  are  harmonics.  Still  it  is 
rather  a  complicated  thing  to  get  a  spectrum  in  which  there  are 
many  thousands  of  lines.  So  when  I  come  to  think  what  a 
molecule  is  and  try  to  get  up  some  theory  of  it,  I  quite  agree 
with  Dr.  Pupin  that  we  don't  know  anything  about  it. 


Prof.W.  M.  Stine  : — {Communicated.) — In  the  early  stages  of 
these  investigations,  we  were  compelled  to  work  by  conceptions 
of  the  nature  and  conditions  for  the  production  of  Kontgen 
rays,  based  largely  upon  a  priori  reasonmg,  and  the  contradic- 
tory views  held  to  explain  tlie  varied  phenomena  of  low  vacuum 
tubes  under  electrical  excitation.  The  battle  of  opinions  which 
has  waged  almost  ceaselessly  since  then,  has  left  the  question 
very  nearly  in  the  same  conditions  it  was  received  from  Kontgen 
and  his  immediate  predecessors.  That  one,  is  both  ignorant  and 
careless  who  affirms  that  no  progress  has  been  made,  no  additions 
added  to  Kontgen's  observations ;  but  there  is  no  greater  defin- 
iteness  of  views  concerning  the  nature  of  these  newly  discovered 
rays.  The  only  gain  here  has  accrued  from  the  process  of  exclu- 
sion ;  though  we  do  not  know  what  the  ray  is,  we  have  learned 
that  it  is  not  to  be  classed  with  a  few  weird  light  phenomena. 
The  battle  of  the  physicists  has  been  a  curious  struggle ;  but,  as 
usual  in  the  history  of  science,  prejudiice,  prepossession  and  con- 
servatism made  a  vigorous  showing,  and  have  scarcely  yet  real- 
ized their  defeat.  Again,  as  has  often  been  shown,  many 
scientists  had  recourse  to  evolution  from  their  inner  conscious' 
ness,  fled  to  man-built  conceptions  of  how  the  universe  was  con- 
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structed,  followed  the  leaderi?hip,  in  spirit,  of  Aristotle,  instead 
of  emulating  Faraday,  in  a  direct  appeal  to  nature.  Never  has 
the  intellectual  world  been  presented  with  a  clearer  evidence  of 
the  futility  of  theoretioal  systems  of  natural  philosiophy.  It  has 
been  forgotten  that  Maxwell  succeeded  Faraday,  and  that  liis 
self-confessed  merit  was  that  he  was  enabled  to  give  exact  quan- 
titative expressionef  for  those  physical  facts  and  relations  which 
owed  their  discovery  to  that  splendid  genius  which  had  so  suc- 
cessfully questioned  nature. 

It  is  in  the  spirit  of  this  direct  appeal  to  nature  that  the  at- 
tempt is  here  made  to  present  results  of  experiment  and  observar 
tion,  and  they  are  offered  for  the  reason  that  they  have  received 
such  uniform  contirmation.  They  can  probably  be  best  presented 
by  studying  the  tube  historically.  The  results  here  stated  were 
obtained  from  both  foreign  and  domestic  tul)e8,  including  a  great 
variety,  both  in  size  and  design. 

It  will  be  assumed  that  the  tubes  are  in  all  cases  excited  from 
an  induction  coil,  in  which  the  condenser  has  been  adjusted  to 
best  conditions  of  resonance,  and  that  a  continuous  current  is 
employed,  internipted  at  least  50  times  per  second. 

The  tube,  as  received  from  the  maker,  will  produce  the  ray 
vigorously  for  a  time,  but  if  the  excitation  be  very  powerful,  it 
will  shortly  brenk  down  and  cease  to  emit  the  ray.  What  is  o\y- 
served  during  the  break-down  is  a  bluish  purple  halo  which 
makes  its  appearance  at  the  catlsode,  and  a  halo  at  the  anode  as 
well,  though  this  is  grayish  in  tint.  Gradually  the  blue  halo 
lengthens  out  into  a  pencil,  extending  from  the  centre  of  the 
cathode  towards  the  impact  surface,  and  in  a  short  time  the  pen- 
cil extends  completely  from  the  cathode  to  the  impact  plane. 
As  soon  as  the  blue  line  is  seen  to  do  this,  the  tube  fails  to  emit 
the  ray  when  viewed  thr()u«:h  the  flnoroscope.  Following  this, 
the  tube  slowly  tills  with  a  oluish  licrht  to  a  greater  or  less  extent. 
This  "  dead  "  period  of  formation  will  last  for  hours,  the  time 
being  usually  shortest  in  such  tubes  as  are  provided  with  a  large 
anode  surface,  in  addition  to  the  metallic  impact  plane.^  As  tne 
*'  formation  •'  reaches  completion,  the  fluorescence  of  the  tube 
becomes  a  brilliant  greenish  yellow.  The  halo  about  the  anode 
disappears  from  its  facfe,  and  is  seen  as  a  faint  blue  light  in  its 
rear;  the  pencil  of  blue  light  has  also  disappeared,  though  there 
may  still  be  a  faint  halo  in  front  of  the  cathode.     During  this 

?>eriod  the  resistance  of  the  tube  has  greatly  increased,  it  having 
alien  to  a  low  value  during  the  break  down.  The  flnoroscope 
now  glows  brilliantly,  but  tne  rays  have  scarcely  any  penetrating 
power — a  hand  placed  in  front  shows  only  in  outline,  scarcely 
any  details  of  the  skeleton  being  visible. 

A  phenomenon  is  now  marked  in  the  focus  tube,  which  per- 
sists throughout  its  life,  and  may  be  termed  the  impact  plane  of 

l.**ROntgen  Ray  Tubes,"  by  the  author,  SUctrieal  World,  Oct.  8,  189«, 
p.  888. 
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the  ray.  This  is  very  clearly  defined  on  the  walls  of  the  tube, 
and  sharply  marked  on  the  screen  of  the  fluoroscope.  Its  very 
sharpness  of  outline  is  an  extremely  siguiiicant  fact  which  has  so 
far  received  only  the  barest  mention.  Further  than  this,  the 
rays  given  oflE  in  this  plane  exceed  in  intensity  those  given  off 
along  any  other  plane,  and  if  we  differentiate  penetrating  power 
from  mere  intensity,  this  property  is  also  most  marked  in  the  im- 
pact plane  ;  but  until  satisfactory  radiometric  methods  are  de- 
vised it  is  useless  to  attempt  to  state  any  ratios. 

As  the  tube  is  continued  in  use  it  enhances,  both  in  intensity 
of  ray  and  penetrating  power,  the  cathode  and  anode  halos  grow- 
ing continually  less  perceptible. 

After  a  time  a  period  of  decline  sets  in.  The  vacuum  becomes 
extremely  high,  the  fluorescence  is  scarcely  perceptible,  and  the 
ray  is  weakly  emitted,  but  its  penetratins^  power  has  become  so 
great  that  even  the  bony  skeleton  of  the  body  becomes  quite 
transparent.  It  is  now  customary  at  this  stage  to  heat  the  tube 
with  the  flame  of  an  alcohol  lamp.  As  some  erroneous  state- 
ments have  been  made  in  this  connection,  the  phenomena  will  be 
treated  in  detail.  When  the  flame  is  first  applied  to  the  tube  it 
^larkens,  being  doubtless  short-circuited  by  the  aqueous  vapor 
•condensed  on  its  surface.  From  time  to  time  occasional  flasnoB 
occur  in  the  tube,  but  at  length,  with  surprising  suddenness,  the 
•entire  bulb  fills  with  the  usual  glow  accompanying  a  highly  act- 
ive state,  and  the  ray  is  emitted  with  great  power.  If  at  this 
^*uncture  the  heat  is  not  very  cautiously  applied,  the  vacuum  will 
)e  quickly  lowered  to  the  point  of  breaking-down ;  the  impact 
plane  will  grow  red  hot,  and  the  penetrating  power  of  the  ray  is 
feeble.  By  deftly  reversing  the  tube  and  manipulating  the  heat- 
ing, the  vacuum  can  be  controlled  within  wide  limits. 

After  a  bulb  reaches  the  point  in  use  when  heat  must  be  ap- 
plied, it  ceases  to  be  dependable,  and  its  useful  life  is  about  over, 
its  uncertainty  is  greatly  increased  if  the  bulb  has  become 
blackened  by  a  deposition  of  platinum,  which  rapidly  occludes 
the  remanant  gases  as  they  pass  it  in  convection  currents.  To 
avoid  this  blackening,  I  have  lately  had  the  glass-blower  substi- 
tute aluminium  for  the  platinum  of  the  impact  plane.  I  have 
not  found  this  change,  so  far,  to  affect  the  emission  power  of  the 
tube,  and  besides,  it  lessens  the  cost.  My  experiments  on  com- 
fmrative  emission  power  of  different  substances  have  not  been  so 
•extensive  as  could  be  desired  ;  yet  I  have  found  that  a  surface  of 
^lass  is  best  adapted  for  rays  oi  the  highest  penetrating  power. 

In  summarizing  these  experimental  facts,  is  it  not  reasonable 
to  assume  that  we  may  have  some  basis,  some  guidance,  though 
nliglit,  for  an  explanation  of  the  Rontgen  ray  ? 

The  first  significant  observation  is  the  behavior  of  the  tube  as 
the  blue  pencil  of  light  becomes  evident.  Vacuum  tube  experi- 
ments have  demonstrated  almost  to  a  certainty  that  such  ])lien- 
omena  are  due  to  intermolecular  collisions  or  impact ;   or,   what 
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amounts  to  the  same  tiling,  that  the  mean  free  path  of  the  mole- 
-cules  is  short.  As  the  vacuam  lowers,  this  pencil  ^rows  in  length 
and  brightness,  its  molecular  path,  all  the  while,  shortening. 
Conversely  as  the  tnbe  builds  up,  the  molecular  path  increases, 
until  at  the  moment  the  ray  reappears,  there  is  good  evidence  for 
l)elieving  it  extends  from  the  cathode  to  the  impact  surface. 
This,  then,  is  the  one  prime  condition  for  the  production  of  the 
ray.  At  the  same  time,  it  seems  equally  clear  that  there  is  with- 
in the  tube  H  certain  critical  pressure  of  its  contained  atmosphere, 
requisite  for  the  generation  of  the  ray.  But  the  mean  free  path 
from  cathode  to  impact  plane,  and  the  critical  pressure,  are  cor- 
relative conditions.  The  suddenness  with  whicn  the  activity  of 
the  tube  is  resumed  upon  heating,  is  thus  explained.  The  inves- 
tigations of  Kigi  may  be  instanced  in .  confirmation.  He  found 
that  the  critical  pressure  was  some  simple  function  of  the  dis- 
tance between  the  cathode  and  impact  plane.'  But  it  has  been 
found  by  many  others  that  the  shorter  this  path,  the  lower  the 
working  vacuum  might  be  in  the  tube. 

The  second  significant  observation  is  the  sharp  definition  of 
the  impact  plane  on  the  walls  of  the  tube  and  the  screen,  or  ex- 
posed dry  plate.  This  is  indicative  that  the  ray  is  generated  at 
the  surface  of  impact  or  in  its  immediate  neighl)orhood.  Ex- 
perimental evidence  all  points  to  an  impact  surface  for  the  pro- 
duction of  the  ray.  If  the  focussing  tube  be  accurately  made, 
the  principal  impact  is  on  the  metallic  anti-cathode ;  but  what- 
ever be  the  shape  of  the  tube,  there  is  more  or  less  weak  disper- 
sion of  the  charged  molecules  of  the  cathode  stream  ;  and  these 
impinging  on  almost  the  entire  surface  of  the  tube,  constitute 
them  a  weak  secondary  source.  Since  the  ray  is  produced  only 
on  impacted  surfaces,  and  not  in  intermediate  space,  it  follows 
that  a  mean  free  path  is  necessary  to  the  impact  surfaces. 

Returning  again  to  the  principal  impact  surface,  the  usual  pic- 
torial representations  of  tubes  are  very  inaccurate.  The  path  of 
the  cathode  rays  and  the  generated  rti'mtgen  rays  is  drawn  as  if 
it  followed  the  law  of  incidence  and  reflection  for  transverse,  or 
light  waves.  Here,  again,  is  seen  a  further  proof  of  the  forego- 
ing statements.  That  the  law  of  incidence  and  reflection  is  aot 
followed  is  because,  at  the  surface  of  incidence,  there  occurs  a 
transformation  of  energy  resulting  in  the  generation  of  a  specific 
vibration. 

Whatever  be  the  substance  of  the  impact  surface,  no  true  re- 
Hection  occurs  from  it;  and  if  it  shuts  off  the  rays  in  any  direc- 
tion, it  does  so  by  absorption.  In  this  sense  the  material  of  the 
impact  plane  is  without  any  influence  on  the  distribution  of  the 
rav  there  generated.  Another  matter  of  interest  is  the  change 
which  occurs  when  the  metallic  impact  grows  red  hot.  In  all 
jny  experiments,  I  have  invariably  found  that  the  resulf  is  to 

1.  EUetncal  World,  Sept.  86.  1896^  p.  869. 
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lower  the  penetrating  power  of  the  rays.  This  may  be  due 
either  to  decreased  amplitude  or  increased  time  of  vibration, 
either  or  both  being  caused  by  the  heating,  which,  driving  off 
more  occluded  or  impact  gas  molecules,  and  even  the  metallic 
molecules  from  the  surface,  lowers  the  vacuum  ;  the  electro-static 
capacity  of  the  tube  decreases,  the  voltage  at  its  terminals  lowers, 
and  the  molecules  of  gas  are  projected  from  the  cathode  with  lefi& 
velocity. 

The  question  now  arises,  what  is  the  hypothesis  concerning  the 
nature  of  these  rays,  which  will  best  explain  the  observed  facts 
here  noted  ?  The  answer  is  beset  on  every  hand  with  difficul- 
ties, but  that  which  has  best  served  to  guide  me  has  been  one 
based  on  the  vortex  theory  of  atoms.  Snt  the  difficulties  here 
encountered  are  great.  The  vortex  theory  has  only  received  a 
partial  mathematical  development,  and  scarcely  anything  has 
been  so  far  possible  towards  physical  demonstration. 

In  order  to  present  these  views,  an  assumption  will  be  made — 
that  the  active  molecules  involved  are  vortex  filaments. 
Whether  such  filaments  are  vortex  rings  of  matter  in  the  ether, 
or  be  simply  ether  in  rotation,  involves  difficulties  whose  solution 
has  scarcely  begun.     We  will  assume  also  the  former  condition. 

If  such  a  vortex  filament  is  to  be  endowed  with  the  power  of 
emitting  the  range  of  transverse  vibrations  which  the  light  and 
heat  spectra  demand,  let  it  further  be  granted  that  it  may  emit  a 
certain  range  of  longitudinal  vibrations.  If  the  ray  sulflfer  col- 
lision without  great  change  of  radius,  the  increase  of  its  energy 
will  give  rise  to  transverse  vibrations.  This  will  account  for  tne 
halos  and  pencil  of  blue  light.  If  it  be  granted  that  intermolec- 
ular  collisions  of  gaseous  molecules  do  not  result  in  great 
changes  of  radii,  we  have  an  explanation  for  the  necessity  of  a 
mean  free  path  from  the  cathode  to  the  impact  plane,  as  a  con- 
dition requisite  for  the  generation  of  the  ray.  Against  such  sup- 
position may  be  opposed  the  results  of  mathematical  analysis 

The  effect  of  the  impact  of  such  a  ring  on  a  fixed  surface  is 
thus  described  by  Lord  Kelvin:  "When  a  vortex  ring  is  ap- 
proaching a  plane,  large  in  comparison  to  the  dimensions  of  tne 
ring,  *  *  *  it  begins  to  expand,  *  *  *  and  will  ex- 
pand out  along  the  surface,  losing  in  speed  as  it  does  so."  * 
There  will  he  a  period  then  when  the  impact  or  translational  en- 
ergy is  all  absorbed  in  increase  of  radius  ;  then  will  begin  a  series 
of  iiarmonic  vibrations  of  radial  length,  assuming  the  ring  is  not 
deformed  circularly  from  the  impact.  What  will  be  the  result- 
ing strain  imparted  to  the  ether  ?  Would  not  a  vibration  rate  be 
impressed  upon  the  ether,  and  would  not  this  be  longitudinal  t 
This  would  only  be  possible  in  case  the  ether  can  suffer  longitu- 
*dinal  displacement. 

1.  '•  Motion  of  Vortex  Rings,"  J.  J.  Thomson,  Part  II  ;  also  Part  I,  for  the 
vibrations  of  such  rings. 

2.  Ifalure,  Vol.  XXIV.,  p,  47. 
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What  has  been  stated  of  the  vibratory  elastic  properties  of  such 
vortex  rine;s  with  respect  to  transverse  vibrations,  can  be  applied 
to  longitudinal  movement,  that  "  the  vibrations  are  influenced  by 
the  type  of  displacement  and  their  restitution  force,  involving 
constants  of  space,  time  and  mass.^" 

In  the  light  of  our  present  knowledge,  such  an  hypothesis  fur- 
nishes the  only  rational  explanation  of  the  influence  of  the  hard- 
ness of  the  impact  surface,  conditions  of  excitation  of  the  tube 
being  the  same,  upon  the  penetrating  power  of  the  ray.  For  a 
given  rate  of  translation  of  vortex  rings,  the  less  yielding  the  im- 
pact surface,  the  greater  would  be  the  radial  increase,  or,  what 
amounts  to  the  same  thing,  for  a  given  vibration  frequency,  the 
amplitude  would  be  greater. 

The  modes  of  attack  on  the  vital  question,  whether  such  ravs 
are  transverse  or  longitudinal,  have  been  indirect  ones.  The 
question  can  not  be  settled  until  appealed  to  some  such  crucial 
test  as  spectrum  analysis  furnishes  for  transverse  vibrations. 
Who  is  the  genius  who  will  construct  for  us  a  grating  fitted  to 
analyze  longitudinal  spectra,  as  Professor  Rowland  has  so  beau- 
tifully done  for  transverse  vibrations  ? 

Mb.  C.  O.  Mailloux: — Before  the  audience  disperses,  I  think 
it  is  only  proper  that  we  should  emphasize  the  fact  that  we  have 
been  favored  in  a  signal  manner  this  evening  in  the  discussion  of 
the  all-absorbing  topic  which  bears  such  an  important  relation  to 
the  latest  advance  in  the  science  of  physics.  This  evening  we 
have  had  worthy  representatives  of  all  the  large  cities  within  a 
radius  of  three  or  lour  hundred  miles.  We  have,  to  begin  by 
the  perhaps  best  known  and  most  favorably  known,  Prof.  Row- 
land, who  represents  one  of  the  leading  universities  of  the  world, 
as  the  representative  of  Baltimore  ;  Dr.  Kennelly  from  Philadel- 
phia, and  our  own  and  only  Prof.  Elihu  Thomson  from  Boston.  I 
think  that  it  is  meet  and  proper  that  I  should  propose  a  vote  of 
thanks  to  the  distinguished — I  will  not  say  foreigners — but  the  dis- 
tinguished members  from  afar — for  they  come  to  see  us  so  seldom — 
for  the  honor  and  the  pleasure  which  they  have  conferred  upon 
us  by  coming  to  meet  with  us  this  evening  to  add  the  light  of  their 
experience  and  knowledge  (theoretical  and  experimental)  in  con- 
nection with  this  iinportant  matter ;  in  which  vote  of  thanks  I 
will  include  the  distmguished  home  talent  that  has  contributed 
to  the  enjoyment  and  enlightenment  of  the  occasion,  especially 
the  representative  from  our  own  worthy  Columbia  University — 
Dr.  Pupin. 

The  Chairman  : — All  those  in  favor  of  this  very  graceful 
motion  will  please  signify  it  by  saying  aye. 

[The  motion  was  carried.] 

1.  J.  Clerk  Maxwell,  article  on  '•  The  Atom,"  Eney.  Brit, 
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[Communicated    A^tek    Adjournment    By    Charles    T. 

RlTTENHOUSB.] 

I  am  in  thorough  accord  with  the  sentiments  expressed  by  Dr. 
Kennelly  in  the  coarse  of  his  remarks  on  Wednesday  evening 
last,  to  tne  ejlect  that  every  endeavor  should  be  made  to  co-ordi- 
nate the  results  of  experiments  with  Rontgen  rays  with  the  gen- 
erally accepted  theories  of  light,  rather  than  to  propose  new 
theorie8,concocted  without  mature  deliberation,likely  to  be  upset  at 
any  moment  by  the  announcement  of  some  new  phenomenon.  It 
seems  to  me  that  it  would  be  preferable  to  withhold  opinions, 
regarding  the  exact  nature  of  Rontgen  rays  until  a  sufficient 
number  of  facts  have  been  collected  to  form  a  basis  for  the 
advancement  of  a  new  theory. 

Allusion  was  made  during  the  couree  of  the  discussion  to  the 
reflection  of  Rontgen  ra^'s,  and  apparently  little  credence  Ir 
placed  in  the  results  of  investigations  tlius  far  pursued  in  this  direc- 
tion. The  presentation  of  a  conclusive  proof  of  regular  reflection,, 
although  it  would  add  little  more  to  one  theory  tlian  to  another, 
still  would  be  a  most  valuable  contribution  to  our  knowledge- 
Several  investigators,  both  here  and  abroad  announced  in  the 
early  spring  and  since,  that  they  had  found  Rontc^en  rays  to  be 
regularly  reflected,  but  as  many  more  contradicted  these  assert- 
ions so  that  the  results  as  a  whole  have  been  discredited. 

Had  an  opportunity  offered  itself  it  was  my  intention  to  bring^ 
before  the  meinl)ers  present,  the  results  of  some  experiments,, 
which  although  I  do  not  consider  absolutely  conclusive,  still 
indicate  that  regular  reflection  of  Rontgen  rays  exists.  These- 
results  I  wish  now  to  bring  to  the  attention  of  tlie  Institute,  be- 
lieving that  they  deserve  more  careful  consideration  than  they 
have  apparently  received  thus  far.  The  ex})eriments  herein  out- 
lined were  performed  by  Prof.  O.  N.  Rood,  of  Columbia 
University,  and  described  by  him  in  Science  of  March  27th  last, 
also  before  the  Washington  meeting  of  the  National  Academy  of 
Sciences,  and  with  important  additions  more  recently  in  the 
American  Journal  of  Science.  In  the  second  set  of  experi- 
ments, plane  metallic  surfjiees  of  both  platinum  and  speculum 
metal  were  employed  as  reflectors,  and  the  effect  produced  on 
a  sensitive  photographic  plate  by  Rontgen  rays  compared  witli 
the  eifect  obtained  under  the  same  conditions,  but  when  usinu: 
ordinary  light.  The  method  em])loyed  was  as  follows  :  Rontgen 
rays  from  a  vacuum  tube  were  allowed  to  fall  u]x>n  a  vertical 
plane  metallic  surface  at  an  angle  of  approximately  45  degrees,, 
thence  reflected  either  regularly  or  by  diffusion  to  a  sensitive 
j)late  protected  by  a  screen,  found  imj^ervious  to  the  direct  action 
of  sunlight  after  an  exposure  of  eignt  hours,  and  also  by  a  plate 
of  aluminium.  In  front  of  the  plate  holder  was  placed  a  wire  net- 
ting. Direct  action  between  the  tube  and  the  sensitive  plate 
was  prevented  by  interposing  a  thick  metallic  screen.     Owing  to 
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the  fact  tiiat  the  Kontgeti  ray»  emanated  from  the  tube  in  a  di- 
verging beam,  it  follows  thtit  a  large  part  of  the  reflecting  snr- 
fare  Bnould  become  a  secondary-  source  of  radiation  eo  that  the 
entire  surface  of  the  sensitiTe  plate  ithonld  he  affected.  Thns  the 
angle  of  incidence  ranged  from  30  to  6u  degreec  As  a  conse- 
quence of  the  arrangement  of  the  apparatnt*,  tho  vertical  wires  of 


the  netting  produced  a  blurifd  image  on  tho  plate,  due  both  to 
regularly  reflected  and  diffnsed  rays,  while  the  horizontal  wires 
produced  a  ntharp  image,  due  to  the  regularly  reflected  rays. 
t>pccnlum  metal  although  having  a  uiucTi  smaller  density  than 

Iilatinum,  in  theee  experitnents  gave  the  sharper  horizontal  lines. 
'rofessor  Rood  explained  this  fact  as  due  toitsomoother  surface 
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and  freedom  from  pimplew.    The  prints  thus  obtained  I  liave 
examined,  but  tbey  are  too  fsint  to  admit  of  reproduction. 

The  greenish  light  accompanying  the  Rontgen  rays  was  now 
allowed  to  fall  on  a  piece  of  white  chalked  paper  that  was  substi- 
tated  for  the  platinum  or  Biicfulum  mirror,  ite  size  and  position 
fforreH[>onding   with   that  of   the   mirrom.     From   the   chalked 


paper  it  reat-liM  the  naked  sensitive  piste  ami  there  produced  an 
image  by  Btrictly  diifusofl  light.  Tliis  image  was  totallj'  different 
in  a)jpearance  from  that  obtained  by  tlie  s^-ulum  mirror  ae  it 
ahowed  notrace  of  horizontal  lines,  they  being  replaced  by  broad 
Htreako.  It  tmre  some  reseinhlanee  to  the  Itijntgen  ray  picture 
obtained  ii-om  the  piatinnm  mirror,  but  still  was  different  from 
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it.  It  ia  difficult  to  account  for  this  result  except  on  the  sup}Kh 
tiiition  that  a  portion  of  the  Ront^en  rays  had  in  the  experiments 
with  the  mirrors  undergone  regular  or  speculum  reflection, 
p.  In  the  third  set  of  experiments  a  concave  cylindrical  mirror 
with  a  curvature  not  truly  circular,  was  substituted  for  the  plane 
mirrors  which  had  been  previously  used,  the  object  being  to 
cause  by  specular  reflection,  a  beam  of  light  to  produce  blurred 
or  doubled  shadows  on  the  vertical  wires  of  tne  grating,  and 
at  the  same  time  give  sharp  single  shadows  of  the  horizontal 
wires.  The  relation  between  the  ordinary  Crookes  tube  em- 
ployed and  the  cylindrical  mirror  and  plate  holder  was  such 
AS  to  bring  about  this  condition  when  ordinary  light  from  the 
tube  was  used.  If  similar  results  could  be  obtained  when 
Rontgen  rays  were  su])8titutod  for  ordinary  light,  it  was  highly 
probable  that  regular  reflection  of  these  rays  exists.  Fig.  5  is 
the  result  of  the  experiment.  The  horizontal  lines  although 
sharp  as  compared  with  the  vertical  lines,  are  accompanied  by 
fainter  parallel  lines  due  to  the  Rontgen  rays  which  nave  suff- 
ered difnision  ;  the  vertical  lines  it  will  l)e  noticed  are  broadened 
considerably.  In  sharp  contrast  with  this  figure,  is  Fig.  6  which 
was  produced  by  the  diffusion  of  ordinary  fight  from  a  chalked 
surface  under  con<j[itions  exactly  similar,  with  the  exception  that 
the  sensitive  plate  was  unprotected,  to  those  present  when 
Rontgen  rays  were  used.  Thus  it  will  be  seen  tnat  there  are 
strong  indications  for  believing  that  regular  reflection  of  Rontgen 
rays  exists. 

In  conclusion  it  may  be  said  that  when  it  is  considered  that 
Rontgen  rays  most  likely  consist  of  vibrations  of  such  small  wave- 
lengths as  to  be  comparable  with  the  distances  between  the  mole- 
cules of  the  most  dense  substances,  it  can  scarcely  be  expected 
that  regular  reflection  will  take  place  to  any  large  extent,  but 
that  dense  substances  having  a  most  highly  polished  surface  will 
still  be  as  rough  to  these  rays  as  a  oaaly  polished  surface  to 
ordinary  light.  In  other  words,  regular  renection  and  diffusion 
are  relative  terms  onlv,  so  that  a  given  surface  subjected  to  one 
jnode  of  vibration  betaves  entirely  different  when  receiving 
vibrations  of  a  higher  or  lower  order. 


OBITUARY. 


Henry  Adams  Obaiqin  (Associate  Member,  June  6th,  1893, 
Member,  May  15th,  1894,)  was  born  at  Boston,  May  14th,  1867. 
He  was  connected  with  the  Adams  family  of  New  England 
through  Samuel  Adams  of  Kevolutionary  fame,  of  whom  he  was 
a  direct  descendant. 

He  was  graduated  from  the  English  High  School  of  Boston, 
and  entered  the  Massachusetts  Institute  of  Technology  in  1885, 
and  was  graduated  in  1889,  receiving  the  degree  of  Bachelor  of 
Science  in  the  course  of  mechanical  engineering.  During  the 
years  1888  and  1889,  in  addition  to  his  regular  studies,  he  took 
the  principal  part  of  the  course  in  electrical  engineering,  and  his 
summer  vacations  were  spent  in  connection  with  the  United 
States  Geological  Survey,  for  which  he  was  during  the  summer 
of  1889,  assistant  geologist. 

In  the  fall  of  1889  he  entered  the  shops  of  the  Union  Pacific 
Railway  Company,  at  Omaha,  Neb.,  and,  working  through  vari- 
ous branches,  became  Section  Superintendent,  and  afterward 
Chief  Inspector  of  Railway  Supplies,  and  Purchasing  Agent. 
During  his  service  with  the  Union  Pacific  Railway  Company  he 
travelled  extensively  over  the  system  of  that,  and  other  western 
railways  for  the  purpose  of  collecting  data.  He  resigned  liis 
position  with  the  Union  Pacific  Railway  in  1891,  and  spent  the 
summer  of  1891  in  travelling  over  the  Western  States  and  North- 
ern Mexico,  studying  railroad  and  other  engineering  problems, 
and  inspecting  a  railroad  in  southern  Texas  for  certain  capitalists. 
During  the  years  1891  and  1892,  he  was  Superintendent  and 
General  Manager  of  the  Motor  and  Railway  Company  at  Tacoma^ 
Wash.  He  was  also  in  the  employ  of  the  Portland  Bridge  and 
Iron  Works,  of  Portland,  Ore.,  for  several  months. 
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Electrical  engineering  had  always  been  an  attractive  field  to 
Mr.  Craigin,  and  in  the  year  1892  he  went  to  Pittsburgh  in  the 
•employ  of  the  Westinghouse  Electric  and  Manufacturing  Com- 
pany. The  success  of  his  labors  with  the  Westinghouse  company 
Amply  proved  his  abilities  in  this  direction. 

In  the  year  1893  he  was  attached  to  the  New  York  office  of  the 
Westinghouse  company  in  the  capacity  of  an  electrical  engineer, 
and  was  engaged  in  the  selling  and  engineering  branches  of  the 
business  of  that  company  at  the  time  of  his  death,  which  occurred 
in  the  City  of  Mexico  on  November  27th,  1896.  He  had  gone 
to  Mexico  partly  for  rest  and  partly  in  the  interests  of  the  com- 
pany, but  while  there  contracted  a  severe  cold  which  resulted  in 
pneumonia,  the  cause  of  his  death. 

Mr.  Craigin  was  deeply  interested  in  his  professional  work  at 
all  times,  and  his  energy  and  perseverance  had  won  for  him  the 
highest  esteem  of  all  his  associates.  His  ability  in  electrical  en- 
gineering was  well  recognized.  He  had  devoted  much  time  the 
last  few  months  to  the  study  of  engineering  problems  involved 
in  the  proposed  electric  railway  between  Washington  and  Balti- 
more. 

Outside  of  business,  he  was  very  much  interested  in  music, 
and  was  well  versed  in  English  and  French  literature.  He  was 
fond  of  out-door  athletics,  and  at  the  time  of  his  death  was  a 
member  of  the  Staten  Island  Cricket  and  Base  Ball  Club,  the 
Boston  Athletic  Association,  and  was  also  a  member  of  other 
social  and  literary  organizations. 

He  was  a  man  of  the  highest  integrity  and  nobility  of  charac- 
ter, and  by  his  death  this  Institutk  and  the  electrical  profession 
are  deprived  of  an  able,  energetic  and  valued  member. 


Harvey  L.  Lufkin  (Associate  Member  June  17th,  1890)  was 
born  in  Cleveland,  Ohio,  in  1857,  and  died  in  New  York  City 
December  2l8t,  1896,  after  an  illness  of  but  four  days. 

Mr.  Lufkin  had  been  engaged  in  electrical  work  for  fifteen 
years.  In  1886  he  became  associated  with  Messrs.  Curtip, 
Crocker  and  Wheeler  in  establishing  the  C.  &  C.  Electric  Motor 
Company  and  played  an  important  part  in  introducing  and  de- 
veloping electric  power.  He  was  one  of  the  first  to  operate 
electric  motors  on  arc  and  incandescent  lighting  circuits,  in  spite 
of  the  strong  opposition   of   the  central  station   officers,   who 
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looked  upon  this  now  application  as  a  dangerous  experiment. 
Fortunately  he  lived  long  enough  to  see  electric  power  distribu- 
tion become  a  very  large  and  welcome  part  of  the  business  of 
central  stations.  He  was  a  pioneer  in  applying  electric  motors 
to  the  operation  of  factories  and  mills,  and  also  had  the  satisfac- 
tion of  witnessing  the  success  and  general  acceptation  of  this  im- 
proved method.  Mr.  Lufkin  possessed  the  rare  combination  of 
technical  knowledge  with  great  business  ability^  enabling  him  to 
accomplish  results  which  would  be  impossible  for  a  man  having 
either  one  of  these  qualities  alone.  This  advantage,  together 
with  his  excellent  judgment,  prevented  him  from  making  the 
mistakes  which  are  so  common  in  the  development  of  a  new  art,, 
and  gave  him  a  power  to  foresee  the  probable  directions  of  suc- 
cessful progress,  two  examples  of  this  prescience  having  already 
been  noted.  Although  enthusiastic  as  to  the  value  and  possibili- 
ties of  electrical  applications,  his  good  sense  told  him  just  where 
to  stop,  and  it  often  happened  that  he  would  advise  against  the  use 
of  electrical  apparatus  when  he  did  not  think  that  it  had  decided 
advantages  over  other  means,  even  though  the  electrical  method 
might  be  perfectly  feasible. 

Mr.  Lufkin  was  a  very  active  member  of  the  National  Elec- 
tric Light  Association,  and  was  a  leading  spirit  in  organizing  and 
making  a  notable  success  of  the  Electrical  Exhibition  held  in 
New  York  City  during  the  spring  of  1896. 

Possessing  an  unusually  bright  and  agreeable  personality,  he 
was  universally  popular  among  electrical  men,  and  was  sincerely 
liked  by  his  friends  and  business  associates. 

His  sudden  death  in  the  prime  of  his  activity  and  usefulness 
is  a  great  loss  to  the  electrical  industry,  which  always  requires 
the  services  of  men  of  exactly  his  stamp.  F.  B.  C. 
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CusHiNG,  Harry  CoOKE,  Jr.  Electrical  Consulting  and  Con- (  a   q  ^^    ,^   -j.^, 

structing   Engineer.  39  Cortlandt    ^  Sept     9.    894 
St.,  New  ^orkCity.  (  '      ^^ 


Cutter,  Georgr 

CuTTRiss.  Chas. 
Daft,  Leo 

Danieil,  Francis  G. 

Darlinchon,  Frederic 

Day  IBS,  John  K. 


Dealer  in  Electrical  Supplies,  851  \  A  June  17,   1890 
The  Rookery,  Chicago.  Ills.  \  M  May  19,  1891 

Electrician,  The  Commercial  Cable  j  A  Nov.    i,  18S7 
Co..  I  Broad  St..  New  York.  1  M  Dec.     6,  1887 


Consulting  Electrical  Engineer  and 
Contractor,   633   W.   21st  Street 
Los  Angeles,  Cal. 


1884 
8S5 


1  I 
J  A  Dec.     9,  I 

•  1 M  Jan.     6,  i 

hllectrical  Engineer,  F'airhaven  and  (  .    xr^..   •«  ,qo^ 

Westville  K.  k.  Co..  V.  O.  Box^  ^  Nov.  la.  1889 

^   .    XT       11           t^^                       I  M  June  20,  I894 

394,  New  Haven.  Conn.                   (                     »  ^-f 


894 
1895 


W.     Consulting    Electrical    and    Me-  (  .    ^ 

chanical     Engineer,    907    Drexel  <  ,,  ^  P  *    f 
Building.  Philadelphia,  Pa.  (  ^^  ^^^  ^5.  i 

IVofessor  of  Physics,  University  of  (  a    !«„        ^    tRoo 
Wisconsin   523  North  (  arroU  St..  ]  ^  J^an^^  j,  1890 


Madison.  Wis. 
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Davis,  Charles  H.,  C.  ^.,ConsuUing  and  Constructing  En-  ( 

gineer,  99  Cedar  St..  576  Lex- (  A  Mar.  18,  1890 
ington  Ave.,  New  York  City,  and  |  M  June  17,  1890 
308  Walnut  St.,  Philadelphia.  Pa.  t 


Davis,  Minor  M. 


Dawson,  Philip 


Ass't  Electrician .  Postal  1 
Cable   Co..  253   Broadway 
York  City. 

Associate 


'elegraph-  (  .     ...    . 
-y*  New  j^  April  ^6. 

ssociate  and  Chief  Engineer  with  (  .    ^     . 
R.  W.  Blackwell.  39  Victoria  St.,  i  CTm  v!k    tS' 
Westminster.  London,  Eng.  f  ^^  ^*^°*   ^7. 

Delapield,  a.  Floyd,  FA.  D.  Electrical    Engineer,    Noroton,  j  A  May     7, 

Conn.  \  M  Oct.      i, 

Delany,  Patrick  Bernard     Inventor,  South  Orange  N.  J.      i  A  April  19, 

\  M  Nov.  24, 

Sup't,' Commercial  Cable  Co.,  Ha- j  A  Mar.     6, 
zel-llill,  Guysborough  Co.,  N.  S.  \  M  Oct.      I 

Inventor,    Singer  Sewing  Machine  (  »    a     -i  -. 
Co..  508  Morris  Ave.,  Elizabeth,  •{  Ijr  0,*^"'  '5. 
N.J  '^MDec.     9. 

Electrical  Engineer  and  Expert,  lo  j  A  Nov.     I, 
Desbrosses  St.,  New  York  City.      (  M  Dec.     6, 


Dickenson,  Samuel  S. 
DiEHL,  Philip 

d'Inkrevillk,  Georges 
Dion,  Alfred  A. 

DoANR.  S.  Everett 


General   Supt.,  The   Ottawa   Elec- 
tric Co.,  72    Sparks   St.,   Ottawa 
Ont. 


••{>. 


Jan.      7, 
Nov.  15, 


loi  State  St.,  Schenectady,   N.  Y.     K  A  Aug.    6, 

I  M  June  27, 

Dodge,  Prof.  OmenzoG.,  U.  S.  Navy,   Navy   Dep't,  Wash- j  A  Sept.  20. 

ington,  D.  C.  \  M  April  17, 

DoxjER,  H. 

DOMMERQUE,  FRANZ  J. 

DoNNER,  William  II. 

Dow,  Alex 
Dudley,  Charles  B. 

Dunbar,  F.  W. 
Duncan,  Dr.  Louis 


Consulting      Electrical      Engineer,  j  A  Jan.      7. 
8  Choorstraat,  Delft,  Elolland.        \  M  Mar.  18, 

Chief  Draughtsman,  Chicago  Tele-  (  a   r)  4 
phone    Co.;     residence,   496    N. -^  w  ./ ;   J' 
Robey  St.,  Chicago.  111.  (  ^^  ^^^^  *5. 

Electrical  Eng'gDept.  International  (  a   v        la 
Correspondence  School,  Scranton,  •{  \f  r)        -a* 

Manager,  Edison  Illuminating  Co.,  jA  Sept.  20, 
Detroit,  Mich.  (MDec.   18, 

Chemist     and     Scientific     Expert,  (  *    ^ 
Pcnn.  R.   R.  Co..   1219   Twelfth  ]  ^j  ^^^;     '• 
Ave.,  Altoona.  Pa.  (  ' 

417  West  23d  St.,  New  York  City.    K  A  Dec.  21, 

/  M  May   16, 

(President^  Johns    Hopkins  Univcr-  (  *    t  1 
sity.  residence,  139  E.  North  Ave.,  S  *»  i     *     e! 
Baltimore.  Md.  /  ^*  ^^P^'    ^' 

Chief     Engineer,    Crocker-Wheeler  ( 

Electric  Co.,  Ampere,  E.  Orange.  (  A  April  21, 
N.  J.;  residence.  223  Central  j  M  June  20, 
Park.  West,  New  Yoik  City.  I 

DuNSTON,  RoBT.  Edward  The  Cortland  and  Homer  Traction  j  A  Oct    27, 

Co.,  Cortland.  N.  Y.  }  M  Feb.  16, 

Dyer,  R.  N.  Patent  Attorney,  36  Wall   St.,  New  j  A  July   12, 

York  City.  <  M  Sept.    6, 


Dunn,  Gano  Sillick 
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Name. 

Edison,  Thomas  A. 
Edgar,  C.  L. 


Addres«.  Date  of  Membenhip. 

Mechanician  and  Inventor,  Orange,  j  A  April  15,  i894 


N.J. 


M  Oct.   21,  1884 


EoGER,  Ernst 


General    Manager  and    Chief    En-  (at ^«.   •o-.ik 

f  J         c«i       ¥ii»-.»    r*       -J  A  Jan.    22,  IoqO 
jfineer,  Ldison  Eire.  HI  m  g  Co.,  3  -^  w  <^  '    ^ 

Head  Place,  Boston,  Mass.  (  ^  ^'^^  '9.  "90 

Electrical  Engineer  care  of  B.Eggcr(.    p.  « 

&    Co  ,   X.     Simmeringstr.    ,87,  ^  ^^^  ^  ;    g 
Vienna,  Austria.  (  •    ^^ 

Emery,  CUARLES  Edward  Consulting  Engineer,  915  Dennett  (  .    ,  ,     -, 

Buildinj?.  cor.  Kulton  and  Nassau  {?.  J°"?,  t^*  ISl 
Sts..  New  York  City.  (  ^  ^P"'  '9.  i89« 

Electrical  Engineer,  Gen«»ral  F^lcctric  j  A  June    6.  1893 
Co.,  Schenectady,  N.  Y.  (  M  Jan.    17,  1894 


Emmet,  W.  L,  R. 


Everest,  Augustine  R.    Electrical   Engineer.  General  Klec- j  A  May   19,1891 

trie  Co.,  Lynn,  Mass.  \  M  Dec.  20,  1893 

Farnham.  Isaiah  H. 


Electrical   Engineer,   N.   E.    Tele- 
phone &  Telegraph  Co. 
St..  Boston,  Mass. 


.  E.    Tele-  (  . 
>.,  125  Milk  j*^, 


June    8,  1887 
July   12,  1887 


Fessendkn,  Rk(;inald  A.  Professor  of  Electrical  Engineering,  (An*     o     iq 

Western    University  of   Tennsyl-     ^  0«.    «..  .890 
vania,  Allegheny,  Pa.  (  ^-  »  »    "y** 

ig   En-  ( 
gineer,  39  Cortlandt  Street,   New-}.,  ^  ^^ 

York  City.  (  ^^  ^^^'    *'  "*'7 


Field,  C.  J.,  M,  K.  Consulting   and   Constructing  En-  (  *    i  q   ,qq. 


Field,  Henry  George 

Field,  Stephen  1). 
Fish,  Walter  Clark 
FiTZMAURiCE,  James  S. 

Flack,  J.  Day 


Fortknbaugh,  S.  B. 

Foster,  Horatio  .\. 
Foster,  Samuel  L. 


Consulting      Electrical      Engineer,  (  .    ...  . 

Field  &  Hinchnian,  1203  Majestic^  f,  Vf"'  t?'  "9J 
Building,  Detroit,  Mich         ^         ]  ^^  ^^^^'  ^^'  '896 

Electrical    Engineer,    .Stockbridge,  )  A  April  15,  1884 
Mass.  {  M  Oct.   21,  1884 

Manager  Lynn  Works.  General  Elec-  j  A  June  26,  1891 
trie  Co.,  Lynn,  Mass.  \  M  Feb.   26,  1896 

Chief  Engineer,  The  Electric  Light  (  .    ^  ,. 

Branch,^  2,0  George  St  ,  Sydney,  j  ^  '^-^^'  ^^^;  j^^S 

Burhorn    &    Granger,    Contracting  f 

Mechanical  Eng'rs,  136  Liberty  J  A  Dec.  6,  1887 
St.,  New  York  City;  residence,  |  M  May  21,  1895 
80 Carlton  St.,  East  Orange,  N.  J.  \ 

Asst.  Prof,  of  Electrical  Engineering,  i  .    .    -ii  i-.    «&  » 
University  of   Wisconsin.    Madi- ]  ^  Apnl  ,7,  ,8^ 

son,   \>  IS.  (  ^ 

Electrical     Engineer,     Room    656,  j  A  June     8,  1887 


Ellicott  Square,  Buffalo. 


Sept.   6,  1887 


Electrical    Engineer,  Market  Street  f 

Railway  Co.  19  Ilobart  Bldg.;JAFeb.  26,1896 
residence.  3687  24th  St.,  San|  M  Nov.  18,  1896 
Francisco,  Cal.  (^ 

Freeman,  Dr.  Frank  L.  Atiorney-at-l^w.   Solicitor  of  Pat-  (aw         n    raa 

ents,  Electrical  Expert,  931  F  St.,  V^  ^^  \  J|°9 
Washington,  D.  C.  (^  ^P^'    3'  '****^ 

Freedman,  William  H.    Tutor    in    Electrical    Engineering, 

School  of  Mines,Columbia  Univer-  A  Mar.  18.  i8go 
sity;  residence,  157  W.  119th  St.,  ]  M  Dec.  18.  1&95 
New  York  City.  (^ 
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Gale,  Horace  B. 


Addrew.  Date  of  Membership. 

Electrical     and     Mechanical    En-  f 
g^ineer,  American  Electric  Heating  I  A  Nov.  15,  1892 
Corporation,  610  Sears  Building,  |  M  May  16,  1893 
Boston ;  residence,  Natick,  Mass.  [^ 


Gardanirr,  George  W. 


Garratt,  Allan  V. 


Gerry,  M.  II.,  Jr. 


Assis't  Electrical  Engineer,  Western  (  .  a_-m  -o 
Union  Telegraph  Co.,  195  Broad-  sCf  tF  Wn 
way,  New  York  City.  (  ^^  J^"*   ^*' 

Chief   Eneineer,    Lombard  Water-  (  a    a     -i    « 
wheel   Governor  Co.,  61  Hamp- -^  (>  f  P"*    7 
shire  St.,  Boston,  Mass.  (  ^  "^"^     '• 


Supt.  of  Motive  Power,  The  Metro-  f 

politan  West  Side  Elevated  Rail- I  A  April  18, 
road  Co,  146  Throop.  St.,  Chi-j  M  Oct.  21, 
cago,  111. 

Stevens   Institute   of    Technology,  S  A  June     5, 
Hoboken,  N.  J.  )  M  Sept.    7, 

Gharky,  William  David    Sup't    Underground   Cable  Con-  { 

struclion  and  Maintenance,  Phila*J  A  May  21, 
delphia  Traction  Co.:  820  Dau- (  M  Feb.  26, 
phin  St.,   Philadelphia.  Pa. 


Gever,  Dr.  Wm.  K. 


GiBBS,  Lucius  T. 
GiFFORD,  Clarence  E. 

Gray,  Dr.  Elisha 
Green K,  S.  Dana 


Manager  and  Chief  Engineer,  Gibbs  \  A  Mar.  25, 
Electric  Co.,  Milwaukee,  Wis        )  M  Feb.   17, 


Electrical    Engineer,    Supt.  James- 


A  May    16, 


town  Electric   Light   and    Power  •<  . ,  V.  c  * 

Co.,  Jamestown,  N.  Y.                     '    .           '  ' 

Electrician  and  Inventor,  Highland  j  A  Feb.  16, 

Park,  III.                                            \  M  May  17. 

Assistant  General  Manager,  General  \  A  Sept.  20, 

Electric  Co.,  Schenectady,  N.  Y.  1  M  April  18, 

GRL<i('OM,  Wm.  W. ,  Af.A.  Electrical    Engineer,  224  Chestnut  (  .    . 

St.,       Philadelphia;       residence,  \  w  i^|«_  ^1' 


fiaverford,  Pa, 


\' 


Gutmann,  Ludwig 
Had  AWAY,  W.  S.,  Jr. 
Hall,  Clayton  C. 
Hall,  John  L. 


A  Sept.  22, 
M  Dec.  20, 


Hamblkt,  Ja.mes 


Hamilton,  Geo.  A. 


Hammer.  William  J. 


Electrical  Engineer,  815  North  Jef-  j  A  Sept.  14, 
ferson  Ave.,  Peoria,  III.  {  M  Mar.  21, 

Electric     Heating     Engineer,     107  jA  Nov.  21. 
Liberty  St.,  New  York  City.  \  M  Oct.   21, 

Civil    Engineer.    810    Park    Ave.,  (A  April  15, 
Baltimore,  Md.  |  M  Oct.    21. 

The  Electrical  Maintenance  Co..  44 
N.  4th  St..  Philadelphia,  Pa.;  resi-^ 
dence,  715  W.  loth  St.,  Wilming-^ 
ton,  Del. 

Manager    Time    Service,     W.     U    f 
Tel.    Co.,    195  Broadway,   P    O.  I  .    ^t_^      , 
Box  856.    NewYork  City:     resi--^  ]J^  ^^^-    ^• 
dence,  20  Sidney  Place.  Brooklyn,  | 
N.  Y.  t 

{Treasurer.)    Electrician.    Western  f 
Electric  Co..22Thames,cor. Green- J  A  April  15, 
wich  St.,    New  York  ;  residence.  )  M  Oct.    2f, 
532  Morris  Ave  ,  Elizabeth,  N.J    I, 

Consulting  and   Supervising   Elec-  f 
trical  Engineer.  1305   HavemeyerJ  A  June     8. 
Bldg,  26Cortlar.dt  St.,  New  York  j  M  July   12, 
City:  residence,  IClmora,  N.  J.        ( 
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Harrington,  Walter  £, 
Harrison,  Russell  B. 


Hartwfxl,  Arthur 


Haskins,  Caryl  D. 


Haskins,  Charles  H. 


Haskins,  Clark  Caryl 
Hasson,  W.  F.  C. 


Address.  Date  of  Membership. 

Electric    Railway   Engineer,    307  j  A  Mar.  17.  1891 
Market  St.,  Camden,  N.  J.  (  M  May  19 

Pres.  and  Electrical  En^ieer,  Terre  (  *   e^_»   «- 
Haute     Electric     Railway    Co., -^  (>  ^PV,  ^J 

Terre  Haute.  Ind.  (  ^  "^^"^ " 

Electrical  Engineer,    Westinghouse  (  «    ^^ 
Electric  and  Mf"  ^"  •  r*ciM.«^A  J  ^  ^^Y  *5 
6804  McPherson 


Ineer,  Westinghouse  i 
Mfg  Co.;  residence.  < 
son  St., Pittsburg, Pa.  ( 


M  Nov.  20 


Hayes,  Hammond  V. 


Hayes.  TIarry  E. 


Haynes,  F.  T.  J. 


Electrical  Engineer.  General  Electric  (  *  X4  a 
Co.,  620  Atlantic  Ave..  Boston,  \?,  j'  '* 
Ma^s.  I  ^  J"°^  ^° 

Electrician,    70   Lin  wood   Avenue,  \  A  April  15 
Buffalo.  N.  Y.  \  M  Oct.    21 

City  Electric  Light  Inspector,  582  i  A  Sept.  20 
West  Congress  St.,  Chicago,  III.    \  M  Mar.  21 

(  Vice-Prrsident.)   Firm  of  Hasson  &  f 

Hunt,  Consulting  and  Supervising  Ami  ^ 
Mechanical  and  Electrical  Engin-^  ^r  m  *  vl 
ecrs.310  Fine  St..Telephone  5650.  |  ^  ^^^  '? 
San  Francisco,  Cal.  \ 

Electrician,    American    Bell    Tele-  (  a   xt 
phone   Co,,   42    Farnsworth   '*^L ,  •{  ^  J^^^'  J| 


Heath,  Harry  E. 


Heinrich,  Richard  O. 


So.  Boston.  Mass. 

Asst.   Electrician,    American   Tele-  (  a    a     m  _« 

graph  and   Telephone   Co..    153-^  m  Dec    20 
Cedar  St.,  New  York  City.  (  **  ^^^'  ^^ 

Divisional      Telegraph      Engineer,  ( 
Great    Western     Railway ;    resi- )  A  Dec.     6 
dence,    Belmont    Villa,   Cheddon  |  M  Jan.     3 
Road,  Taunton,  Eng.  l^ 

Assistant  Electrical  Engineer,  Eddy  {  *    * # 
Electric  Mfg.  Co.,  Box  189,  Wind-  \  l\  ?l^^'  \\ 
sor,Co«n.  /  M  Mar.  25 


Electrical  Engineer.  The  European  f 
Weston  Electrical  Instrument  Co.,  J 


\ 


A  Oct.      I 


HtNSHAW,  Frkderick  V. 


A  Feb.     5 
M  Nov.  20 


Hkkdman.  Frank  E. 
Heking,   Carl 

[Life  Member.] 

Hkrin(;,  Hermann  S. 


Herrick,  Charles  H. 


KOpnicker   Slrasse    154.     Berlin,  |  M  Oct.    25 
S.  O.  Germany.  t 

Downes   &    Henshaw,    Consulting  T 
Electrical  and  Mechanical   Engin- 
eers, 95  Pine  Street,  Providence, " 
R.  L 

Mechanical  and  B'Jectrical  Engineer.  (  A   Dec.   18 
Crane  Elevator  Co.,  Winnetka.  III.  \  M  Oct.   21 

{Manafrer )    Consulting     Electrical  ( 
Engineer,  929  Chestnut  St.;  resi- J  \  Jan.      3 
dence  124  E.  Mt.  Pleasant  Ave..  |  M  June    5 
Philadelphia,  Pa.  [ 

Associate  in    Electrical    Engineer-  f 
ing,  Johns    Hopkins    University,  !  A  April  21 
residence,  1809  Park  Ave.,  Balti-'j  .M  April  18 
more,  Md.  [ 

Consulting  and  Constructing  Elec-  f 
trical    Engineer.    133  Oliver  St.,j  A  April  21 
Boston:  residence.  22  Herrick  St  ,  \  M  Jan.    17 
Winchester.  Mtiss.  [ 
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Name.  Ad  Iress.  Date  of  Membership. 

Herzog,  F.  Benedict,    Ph.D.    President,  Ilerzog  Teleseme  j  A  May  24,  i88f 

Co.,  55  Broadway,  New  York  City  (  M  July    12    1887 

Electi 
Co 
delphi 


Hewitt,  Chari^s 


liiBRARi),  Angus  S. 

IIiGGiNs,  Edward  E. 
Hix,  E.  Randolph 

Holmes,  Franklin  S. 


trical  Engineer,  Union  Traction  (  .   «  ,      « 

,    820  Dauphin  Street,    Phila-^^^P;*  J^»  JJ^ 

phia,  Pa.                                       (  ^  ^^^y  17.  1892 

(  FiV^-/*r^jt</r>i/.)  General  Manager,  (.    y^^„  ^^    ,q^, 

Chicago     Telephone     Co       .03    ^  Nov  .4.    8,, 

\Nashington  St.,  Chicago,  III.          (  *      ^ 

Editor,  Street  Railway  Journal,  26  j  A  June  8.  1887 

Cortlandt  St.,  New  York  City.       <  M  July  12,  1887 

Hix,    llamihon    &    Co.,    Electrical  (  *    p  .  « 

Encrincers    and    Contractors,    41  ■<  w  u^u'  *  -qaJ 

Wall  St.,  New  York  City.      '    ^   \^  ^eb.  87,  l895 

Electrical  Engineer,  108  Fulton  St.,  t  ,    ...  . 

MaTon'sJ  Bi^.lynfr?'.  ■'^'''  [^  J-  ^-  '^^ 


Houston,  Edwin  J.,  Ph.D,  {Pa^t  President. ^Vxoi  o{V)x^^\z?>,  { 


rankiin  Inst.,  Finn  of  Houston  I  a  a  m  ,.  .oq. 
Kennelly,  1105  Betz  BUig.;  resi-^  ^  ^P"'  i^,  884 
;nce    1809   Spring   Garden  St.,  "  ^  ^"-    '^*  '"**^ 


[Life  Member.]  Frankii 

& 

dence 
Philadelphia,  Pa. 

Electrician,  20  Chestnut  St.,  New-  <  A  July  12,  1887 
ark,  N.  J.  \  M  June     5.  1888 

General  Electric  Lamp  Works,  Har-  (  *   q     »     o    laa 
rison,  N.J.:  residence,  19  Webster-  7,  vfP;*  J*    o»9 
Place,  Ofange,  N.J.  {^  ^^''  '^'  '®^ 

Expert  and  Counsellor  in  Patent  (  *  t  1  t^  rflOA 
Causes.  926  Walnut  St.,  Phila- -^  ^i  "l?  ^  ,2*  ,««, 
delphia,Pa.  ]  M  May  17.1887 

Chief  Engineer,  Fort  Wayne  Elec-  (  .    ^  „ 

trie  Co.,  330   West   Washington  \Z,  \?     .I*  !q?!  • 
St..  Fort  VVayne,  Ind.  (  ^'  ^^y  '^'  '^93 

Hutchinson,  Dr,  Cary  T.     {Manager.)  Electrical  Engineer,  j  A  Feb.    7,  1890 

253   Broadway,  New  York  City.      )  M  Dec.  16,  1890 


Howell,  John  \V. 
Howell,  Wilson  S. 

Hunter.  Rudolph  M 

Hunting,  Fred  S. 


Hyde,  Jerome  W. 

INRIG,  Alec  Gavan 
Ives,  Edward  B. 

Jackson  Dugald  C. 

Jackson,  Francis  E. 


Ass't  Treasurer,  The  Springfield 
Steam  Power  Co.,  Wason  Bldg. 
Springfield,  Mass. 


887 
887 


Jackson,  Henry 


!A  June     8,  I 
M  Nov.    I,  I 

Globe  Electrical  Co..  44  White  Post  j  A  Jan.    19,  1892 
Lane,  Victoria  Park, London, Eng.  \  M.May   17,  1892 

Chief  Engineer,   Ran'tan  Construe-  (  .    a^  m    «    vqa 
lion  Co.,  153  Bullitt  Bldg.,  Phila-]  ^,  ^P"'    \^    |«2 
delphia.  Pa.  (  ^*  ^^""^   '5.  "94 

Professor  of  Electrical  Engineering,  (  A   .,^  «- 

University  of  Wisconsin,  Madi- -^  f,  f  *>'  .f'  ?!Z 
son.  Wis  ]MJune  17.  1890 

Aylsworth  &  Jackson.  Incandescent  ( 
Filament      Manufacturers.       128  j  A  Jan.      3,  1888 
Essex  Ave  ,  Orange;  residence,  61 1  M  June  17,  1890 
South  Grove  .St., East  Orange, N.J.  (^ 

Telegraph  Supt.  and  Engineer,  The  ( 

Lancashire  &  Yorkshire  Railway  j  A  Mar.  21,  1894 
Co.,  Horwich,  Bolton-Ie  Moors,  j  M  Dec.  19,  1894 
I^nc^shire,  England.  [ 
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Name. 

Jackson,  John  Price 


Jannus,  Frankland 

Jbhi.,  Francis 
Jekks,  W.  J. 


Address. 
Professor  of  Electrical  Engineerinfr 
Penn.  State  College,  State   Col 
lege,  Pa. 

Attorney 
tents 
Washingti 


Date  of  Membership. 


i?^:Usept.  27,  1 
^^*-^MJan.    17.  i 

ley-at-Law,  Solicitor  of  Pa-  (  *  Nov  t2  i 
;,  928.30  F.  St.  N.  W.]^^^;-  g'J 
hington,  I).  C.  (  ^  ^^^'  ***'  ^ 


892 
894 

889 
890 


LichtenauergasseS,  Ilrilnn.  Moravia,  j  A  June  27,  1895 

(  M  Jan.    22.  1896 


Austria. 


Sicrctary,  Board  of  Patent  Control,  <  A  June     8,  1887 
120  Broadway.   New  York  City.      /  M  Nov.    i,  1887 

Johnston,  A.  Langstaff  Chief  Engineer.  Richmond  Traction  f  .   Aorii  21    1801 

Co..  1112  E.  Main  St..  Richmond,  j  j^  ^P^,  jg'  ^^^ 

Jones,  Francis  VVilky       Assistant  Gen'l  Manager  and  Eiec-  f 

[Life  Member.]  trician,     Postal    Telegraph-Table  J  A  April  15,  1884 

Co.,    253    Broadway.    New  York  1  M  Oct.    21,  1884 
City.  I 

Keith,  Dr   Nathaniel  S.     Sandycroft  Foundry.  E.  W.  Co.,  \  A  June     6,  1893 

Ha  warden,  near  Chester,  Eng.       /  M  Jan.    17,  1894 


Kimball,  Dr.  Alonzo  S.     I 


Vofcssor  of  Physics,  and  Electrical  (  .    ^, 
Engineering.  Worcester  I'olytech-  j  ^  j^,  P  ;  > 
nic  Institute.  Worcester,  Mass.       ( 


889 
895 


Kinsman,  Frank  E. 


lectrical  Engineer,  66  Broadway,  (  ^  q,  ^g 

New  York   City;    residence,  836 j  w  wj:       L*    ot^ 
.Sherman  Ave.,  J^lainfield,  N.  J.      (  ^  ^^^   ^•^  '^^^^ 


Knowles.  Edward  R.  E.  E.,  C.  E.     150  Nassau  Street,  New  f  .    ,  g     gg 


KNUD.SON,  A.  A. 

I,anc;k.  Philip  A, 
Lan(;ton,  Joh.n 


Electrical    Engineer.    688a   Greene  ^A  Dec  6,  1887 

Ave.,  Brooklyn,  .N.  Y.  j  M  Jan.  3.  1888 

Superintendent  NY estinghouse  Elec- (  *    »,  ,    ,ocq 

*  •        A  \K        c    »     •       t"       r*  -,..  J  A   Mar  6,  18&8 

trie  and  Manufacturing  Co.,  East-<  »»  t  ,  ,    ,qoo 

Pittsburg.  I'a.  /  "  J""'  5.  1888 

Electrical    Kngineer.    Canada   Life  |  ^  „  g 

Building,     loronto,  Ont.,  and  72  •>  .,  ,„„^  ,    .obb 

Trinity  l'i.ice.  Xew  York.  N.  Y.    {  ^'  J""«  '.  188R 


La  Roche,  Frk.d.  A.  President    and     General    Manager, 


Ideal  Electric  Corporation,  652- J  A  Sept.  19,  1694 
660  Hudson  Street:  residence,  28)  M  Nov.  20,  1895 
W.  25 ^h  St..  New  York. 


Lattig.  J.  \Y. 


Electrical  Engineer.  Supt.  of  Tele-  f 

graph  and    Electrical  Apparatus,  |  a    t  «.    , 

Lehigh    Valley    R.    R.    Co..    So.-(f,{"?^  ,°'  J 

Bethlehem,    Pa  ;    residence,    335          *'"  ^  ' 


887 
887 


Broad  St.,  West  Bethlehem,  Pa 


Lawso.n,  a.  J 


l^KMi',  Hkrmann,  Jr. 


Electrical    Engineer,    The    County  [ 
of  London  and  Brush  Provincial  J  A  Mar.  18.  1890 
Electric   Lighting  Co.,  Ltd.,   49  |  M  June  17,  1890 
Queen  Victoria  St.,  London,  Eng.  ( 

Electrician,     iS'i     Allen     Avenue,  i  A  April    2,  1889 
Lynn.  Mass.  t  M  Feb.   21,  TS93 


4S8  MBMBER6 

Name.  Address.  Date  of  Memberabipi 

Lbonard,  H.  Ward  Electrical  Engineer,  Ward  Leonard  ( 

Electric  Co.  13th  and  Washing- f  A  July  12,  i88r 
ton  Sts  ,  Hoboken,  N  J.;  resi- I  M  Sept.  6.  1887 
dence.  East  Orange,  N.  J.  [ 

Leslie,  Edward  Andrew   Vice-President  and  Manager,  Man-  ( 

hattan  Electric  Light  Co.,  Ltd.,  I  A  Jan.  16,  1895 
New  York  City;  residence.  343 1  M  Feb.  17,  1898 
Hancock  St.,  Brooklyn,  N.  Y.        t 


LiEB,  JohA  W.,  Jr.  {Afaftager.)    General  Mjjr.,  Edison  I  a   c.  »     f. 

Electric  111.  Co.;  Residence,  166 -^  ^  ^P^'  °' 
West  97th  St.,  New  York  City.       (  ^  ^^^'    ^' 

Lighthipe,  James  A.         District  Engineer,  General  Electric  (  a   v  k 

Co.,  15  First  St.,  San  Francisco,  -J  ^  ^^  \^  ^^' 

Lloyd,  Herbert  (General  Manager,  Electrical  Engin-  f 

eer  and  Chemist.  The  Electric!  A  June  20, 
Storage  Battery  Co.,  Orexel  Bldg.,  )  M  May  21, 
Philadelphia,  Pa. 

Lloyd,  John  E.  Assistant 


Lloyd,  Robert  McA. 


isistant  Chief  Engineer,  PhiUdel-  (  a    1 

pbia  Traction  Co. ;  residence,  2008  <  »,  l?*^'        * 

N.  i8th,  St  .  Philadelphia.  Pa.       (  ^  ^^^'  '5. 

Electrician,    66    Broadway  ;     resi-  (  a   o  » 
dence.    i    West    39ih   St  .    New  \  ^.  \^^'    V.^ 


York  City. 

Lockwood.  Thomas  D.,/^.  /.  Inst.    Electrical  Engineer,  and  (a    a     m  ,, 

[Life  Member.]  Advisory  Electrician,  P.O.  Drawer  \  ^,  ^,  ^J. 

2.  Boston.  Mass.  \^\  OcX.  21, 

LooMis,  Osborn  P.  Electrical  and  Consulting  Engineer,  j  A  Sept.  16, 

Bound  Brook,   N.  J.  /  M  Dec.  16, 

Lorrain,  James  Grieve    Norfolk  House,   Norfolk  St..   Lon- j  A  May  16. 

don,  W.  C,  England.  (  M  May  15, 

LoVEjOY,  J.  R.  General    Manager.    Supply    Dept..  i  ^  Aoril  21 

General    Electric    Co..    Schenec  •<  ..  .,^.         * 

tady.  X.  Y.  /  ^'  ^^^-  "• 

Macfarlane.  Alexander,  D,  Sc„  LL.D.  Professor  in  Elec-  i  »    r 

trical  Engineering.   Lehigh    Uni--j^|]^^y  ^' 
\ersity,  South  Bethlehem.  Pa.         (            /      /• 

Mailloux,  C.  O.  Consulting      Electrical      Engineer.  (  .    Anril  n 

150  Nassau  St..     Telephone  3985  -^  w  ^^  01* 

Cortlandt.  New  York  City.  \^i^^ci.  21, 

Mansfield,  Arthur  New  hall  Assistant  Electrician.  Ameri-  (  a    n  ,> 

can  Telephone  and  Telegraph  Co  ,  •<  ,  ,  ,^^'  ^* 

153  Cedar  St.,  New  York  City.       (  ^^  J""*  ^°' 

Marks,  Louis  B.,  M.  M.  E,    Chief  Electrician.  The  Electric  f 

Arc  Light  Co  .  689  Broadway  ;  ^ 
residence.  51  East  ^yth  St.,  New' 
York  City. 

Marks,  William  Dennis,  Ph.B.    C.    E,     President,     The  (  .    p  . 

American  Electric  Meter  Co.,  1014  •}  *#  \f         ; 
Belz  Building,  Philadelphia,  Pa.     (  ^  ^^^>'     '' 

Marshall,  J.  T.  Metuchen,  N.  J.  ^  A  Oct.      i,  1889 

\  M  Nov.  12.  1889. 

Martin,  [ulius  Electrician,  16 Oak  St.,  Newark,  N.  (   .    ^  «^ 

J.,  Master  Electrician,  Equipment  \  ^,  "^^  ^^*  U^" 

Dept..  New  York  Na\7  Yard.         /  ^^  ^°^  *°'  ^^^^ 


A  May   20. 
M  Jan.    16, 


887 
88r 

894 
895 


894 
895 


896 
896 

890 
893 

884 
884 

890 
896 

891 
894 

891 
894 

89a 
89a 

884 
884 

893 
894 


890 

895 


888 
888 


MICMBBH8 


459 


Name. 

Marvin.  PIarry  N. 


Maver.  William,  Jr. 


Mayer.  George  M. 


Maynari),  Geo.  C. 


McCay,  H.  Kent 


McCluer,  C.  E. 


McCrosky,  James  VV. 


MrCROSSAN,  J.  A. 


McMeen,  Samuel  G. 


Mershon.  Ralph  D. 


Metcalfe.  George  R. 


MiLLLS,  John 


Mn.LS.  Frank  P. 


Mitchell,  James 


Ma  April  19. 

^|MJan.    17. 


Address.  Date  of  Membeiship. 

Electrical   Engineer  and  Manager 
Marvin  Electric'  Drill  Co.,  Canas- 
tou,  N.  Y. 

Electrical   Expert    and   Consulting  f 
Electrical  En^V,  27  Thames  St.,  I  A  Julv   la. 
New  York   City:   residence,  227  |M  April  21, 
Arlington  Ave.  Jersey  City,  N.  J.  |^ 


Enterprise    Block,    5th    Floor,    79  j  A  Dec.  16. 


Fifth  Ave.,  Chicago,  111. 


M  June  20, 


Electrical 
W 


trical  Engineer,  800  H.  St.,  N.  j  A  April  15, 

.,  Washington.  D.  C.  \  M  Dec.  9, 

Electrical  Engineer  and  Contractor,  (  .    q^  , 

106   E.    German  St.,   Baltimore,  <V,  ^Z^^'  ,  • 

Md.  |MMay  19. 

Superintendent.  First    District,  So.  (  *    x* 

Bell     Telephone   and    Telegraph  <  (>  y^^'  'l' 

Co.,  P.  O.  Box  32.  Richmond.  Va.  (  ^  J*"*  ''. 

Chief  Engineer,  La  Capital  Tramway  ( 

Co.  andCompainade  Luzy  Fuerza  I  A  Dec.  20, 

MotrizdeCordoba.  715  Avenidade-^  M  Dec.  16. 
Mayo,  Buenos  Aires,  Argentina.     (^ 

Manager  and   Electrician.  Citizens'  (  a  i^  .  ,0 

Telephone  and  Electric  Co.,  Rat  \xyr^  Jg 
Portage,  Ont.                                   ( 

Engineer,  Central  Union  Telephone  (  a    t-i  ,« 

Co.,  1306  Ashland  Block, Chicago.  -J  ^  ^^^  |^' 

All*  I 

Electrical   Engineer,    Westinijhouse  (  *    »# 

Elec.  and  Mfg.  Co.  120  Broadway,  {  Z  1'  «!!' 

New  York.  N.  Y.  /  ^  J*"'  "' 

136  Liberty  Street ;    residence,  404  j  A  April  19. 

West  22d  St.,  NewYork  City.         )  M  Nov.  15, 

Captain  of  Engineers  U.  S.  A.,  The  (  a    i  1 
Lighthouse   Board,    Washington,  \  ^  {^^^ 


M  Mar. 


Superintendent,  Merced  Gold  Min- j  A  Jan. 

\  M  Mar. 


7. 
J- 

6. 
3. 


Mix.  Edgar  W. 


MOLERA,  E.  J. 


Moore,  D.  McFarlan 


Morrow,  John  Thomas 


In-  j  A  Sept.   3, 


Nkilrr,  Samuel  G. 


ing  Co.,  Coulterville,  Cal. 

Constructing  Engineer  and  Agent, 
General   Electric   Co.,    Caixa    do  I  A  Sept.  25, 
Correio  No.  954,   Rio  de  Janeiro,  J  M  Mar.  25, 
Brazil. 

Electrician.    12    Boulevard  des 
valides,  Paris.  France.  \  M  Mar.  20, 

Civil  Engineer,  606  Clay   St.,  San  j  A  Jan.    16, 
Francisco,  Cal.  \  M  June     7, 

Inventor,    Moore  Electrical  Co..  52  iA  Dec.  20. 
Lawrence  St.,  Newark,  N.  J.  ^M  June  20. 

Supt.  Electrolytic  Plant,  Boston  and  f 
Montana  Consolidated  Copper  and  I  A  Dec.  21, 
Silver    Mining  Co.,  Great  Falls,  1  M  April  18, 
Mont.  l^ 

Ass't  Electrical  Engineer,  Pierce  &(a   a^m  -o 
Richardson.      1409      Manhattan  ^ '^^P"'  "• 


Building,  Chicago,  111. 


M  Dec.    18. 
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mISjiBERS 


Name.  Address.  Date  of  Membership. 

Nichols,  Dr.  Edward  L.  Professor    of     Physics.     Cornell  j  A  Oct.     4,  1887 

I  M  Dec.     6. 


Nichols,  Geo  P. 


Noll,  Augustus 


NuNN,  Paul  N. 


O'CoNNELL,  Joseph  J. 


University,  Ithaca,  N.  Y. 

Partner,   Geo.  P.   Nichols  &  Bro.,  ( 
Elec.  Engineers  and  Contractors,  J  A  Jan.    22 
1036  Monadnock  Bldg.,  Chicago,  |  M  Nov.  18 
111.  I 

Contracting  Electrical  Engineer,  8  (  a  q^„»  «-, 
East  17th  St..  Telephone,  62.  ^CrAT;i,4 
I8th;  New  York  City.  *^  ]M  April  18 

Consulting  Engfineer.  San  Miguel  (  *  Anril  11 
Cons.  Gold  Mining  Co.,  Telluride,  \  w  -pju    «Z 


Colo. 


MFeb.  26 


Telephone  Engineer,  Chicago  Tele-  (  .   q«* 

phone  Co.,  Residence,  76  Eugene -s  »,  y^'    J^ 
o*    r»i.'  Til  i  M  Nov.  20 

St.,  Chicago.  I   .  ( 


O'Dea,  Michael  Torpey     Professor  of  Applied    Electricity.  (  .    ,     ^ 

;ity  of  Notre  Dame,  Notre  ■<  w  m__ 


University 
Dame,  Ind. 


8 


OuDi.N,  Maurice 
Paine.  F.  B.  H. 

Paine,  Sidney  B. 


I  M  Mar   25 

Electrical  Engineer,  General  Electric  j  A  June  20 
Co.,  Schenectady.  N.  Y.  /  M  Nov.  20 


Electric   and    Mfg.  ( 
ange  Building,  Bos-  \ 


Wcstinghouse 
Co.,  328  Exchange 
ton,  Mass. 

General   Electric  Co.,  180  Summer  j  A  T 


St.,  Boston.  Mass. 


A  Dec.  16 
M  Nov.  25 

une    8 
Nov.    I 


j  A  July   12 


Parker,  I.ee  Hamilton    Ass'i    Engineer,    Railway    Dept.,  ,  .    . 

General   Electric    Co.,    Schenec-  )■  *»  t^  "*'  A 
tady,   N.  Y.  ^  ^  ^^^-  '^ 

Parks.  C.  Wellman  1825  Fifth  Ave.,  Troy,  N.  Y 

M  May 

Parsha(.l,  Horace  Field    Electrical  Engineer.  British  Thorn-  i  .   f. 

son-Houston,  Ltd.,  38  Parliament  I  ,-  w^-'  ,0 
St.,  Westminster,  London,  Eng.    ( 

Firm  of  Pattison  Bros,  Co«isulting  f 
and   Constructing   Elect  lical  En- J  A  Sept.  22 
gineers,    136    Liberty    St..    New  1  M  Dec.   16 
York  City.  I 


Pattison,  Frank  A. 


Pearson,  F.  S. 
Perot,  L.  Knowles 


Engineer.    Room   84 ii  621    Broad-  j  A  Oct.    25 
way.  New  York  City.  \  M  Feb.  21 


Vice  President  and  Manager  Schuyl-  (am 
kill  Valley  Illuminating  Co..  Pb«.  j  ^  Mar    .5 
nixville,  ra.  ( 

Perrine.  Frederic  .A.  C.  D.  Sc.     Professor  of  Electrical  En-  (  *   qj-^*    ja 

gineering,   Leland    Stanford,  Jr-. -j  w 'j^Jj.'  ,5 
University,  Palo  Alto,  Cal.  ( 


niversity, 

Perry,  Nelson  \V.,  E.  M.,    Editor  EUctririty,  136  Liberty  St.,  (  .    Mo« 

New  York  City;  residence,  650-^  C;^?  J^ 
Madison  Ave.,  Elizabeth,  N.  J.      (  ^^  ^^^'  ^^ 

PiCKERNELL,  F.  A.  {Manager.)  Chief  Engineer.  Amer.  (  .    , ,  , 

Tel.  &  Tel. Co.,  153  Cedar  St.,-^^  \^^:  X 
XT         \»    1  <^'4  J  M  Mar.  18 

New    \ork  City.  ( 

Pierce,  Richard  H.  Pierce  &  Richardson,  Electrical  En-  f 

gineers,  1409  and  1410  Manhattan!  A  April  18 
Hldff  ,  Chicago:  residence.  5434 1  M  Dec.  20 
Monroe  Ave..  Hyde  Park,  111.         ( 
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Name.  Address.  Date  of  Membership. 

PiKB,  Clayton  W.,^. 5.     Electrical  Engineer,  Faikenau  En- (  .    |^        ,a   ,t 

?ineering  Co..  711  Reading  Tcr-  \  ^  ^""^^  1^»  ^'^i 
minal,  Philadelphia.  Pa.  (  ^  ^"-    ^5. 

Porter,  J.  F. 


Manager.    Alton    Railway   and    II-  (  A  Sept.    6, 
laminating  Co..  Alton,  111.  (  M  Nov.     i, 

Potter,  Wm,  Bancroft,  Engineer   Railway   Dcpt.,    GeneraM  A  Jan.   22, 

Electric  Cc,  Schenectady,  N.  Y.    (  M  Mar.  25, 


Powell,  William  H. 

Pratt,  Robert  J. 
Puffer,  Wm,  L. 


Electrical     Engineer,  55    Oak   St.,  jA  June  17, 

j  M  Mar.  20, 


Hartford,  Ct. 
Greenbush,  N.  Y. 

{Afdnactrr.)  Assistant  Professor  of 
Electrical  Kngincerinjj,  Mass.  Ins- 
titute of  Technolaj»y,  Boston ; 
residence.    West  Newton,  Mass. 


<  A  July    12, 
(.M  Sept.   6, 


A  Dec.  20, 
M  April  17, 


Rae,  Frank  B. 


'4J'Ma  April  15, 
^^•' )  M  Oct.    25, 


Reber,  Samuel 


Electrical    Engineer,      11 09     F 
I)earlx)m  BIdg.,   134  Monroe 
Chicago,  III. 

Lieut.  Sii»nal   Corps,   U.  S.   Army,  (  .  q 
Care  of  Chief  Signal  Officer  U.  S.  -^  :\  ^P^'  f  ^ 
A..  Washington.  D.  C.  (  ^^  J^"'    ^*' 

Reckenzaun,  Frederick.    Electrical  Engineer,  44  Pine  St.,jA  Mar.    6, 

New  York  City.  |  M  June     5, 

Reist,  Henry  G.  Designing  Engineer,  General  Elec-  (  .    , 

trie    Co.,    5    South    Church   St.,  J  ^  J"°®  *7. 


Schentfctady,  N.  Y. 


M  Dec,  ig. 


Rice.  E.  Wilbur,  Jr. 
KiKs.  Eli  AS  E. 


RiKER,  Andrew  L. 

[Life  Member.] 


Robr,  Russell 
Robb,  Wm.  Lispknard 
Roberts,  E.  P. 


Technical    1  >irector,   The    General  j  A  Dec.     6, 
Electric  Co.,  Schenectady,  N.  Y.  j  M  Jan.      3, 

Electrical   Engineer  and   Inventor,  (  *    i   1 
103 1  Temple  Court;     residence, -^  j>  J" '^    'J* 
4  W.  115th  St..  New  York  City.    (  ^^  ^^P**    ^' 

Electrical  Engineer,  The  Riker  Elec-  (  . 
trie  MtJtor  Co  ,  45  York  St.,  Brook-  ■<  w 
iyn;  residence,   Stamford,  Conn.    (  ^ 

With   Stone   &    Webster,    4  P.  O.  j  A  Oct.    18, 

iM 


Nov.     I, 
Dec.    i3. 


Square,  Boston.  Mass. 


M  May  21, 


Rodgers,  Howard  S. 

Rohrer,  Albert  L. 
Roller,  John  E. 


Professor  of  Physics,   Trinity  Col-  \  A  1  )ec.  16. 

lege,  Uanford,  Conn.                      }  M  Mar.  15, 

E.  P.  Roberts  &  Co..  Electrical  and  [ 

Mechanical    Ergineers,    Bramard  I  A  Jan.  6, 

Block,  Telephone  2O56,  Cleveland,  I  M  Feb.  3, 

o.  [ 

Electrical    Engineer,    care    General  (  »    q 
Electric   Co.,  264  W.  4th  Street,  -^Cc  ^r'  *!' 

Cincinnati,  6.                                    ]M  M^y  16. 

Electrical    Engineer,    with   General  jA  Nov.  i. 

Electric  Co.,  Schenectady,  N.  Y.   JM  May  i, 

Lieut.  U.  S.  N.,  in  charge  of  Inspec-  f 

tion  and  In^talhtion,   U.  S.  Navy  I  A  .Sept.  ig. 

Yard,     New     York ;      residence,  |  M  May  19, 
Cranford,  N.  J.                                  (^ 
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MEMBERS 


Name. 

Ross,  Norman 
Ross,  Robert  A. 


Address.  Date  of  Membership. 

General     Superintendent,     Bullock  j  A  Sept.  20,  1895 

1894 


Electric  Mfg.  Co.,  Cincinnati,  O.  (  M  Nov.  21 

Mechanical  and  Electrical  Consul- 
ting  Engineer,    17  St.  John 
Montreal,  P.  Q. 

RouQUEiTE,  William  F.  B.     Proprietor,    Rouquette  &   Co.,  \  A  Mar.  21 


^2J^"  j  A  Sept.  27 
^^"  JM  April  18 


47  Dey  St..  New  York  City. 

Ryan,  Harris,  J.  {Vice-President 

trical 
versity 

Salomons.  Sir  David  Lionel,  Bart.  M.  A.^  Engineer  and  f 


u 


Dec.  19 


ice- President.)  Professor  of  Elec-  ( 
:rical  Engineering,  Cornell  Uni-  •< 
versity,  Ithaca,  N.  Y.  ( 


A  Oct.     4 
M  April  17 


[Life  Member] 


Sands.  H.  S. 


Sargent,  W.  D. 


Barrister.  Broomhill,  Tunbridge  I  A  Feb.  7 
Wells,  Kent,  and  49  Grosvenor  |  M  May  i 
St.,  London,  W.  England.  [ 

Consulting  and  Constructing  Electri- (  A   p  . 
cal   Engineer,  Peabody  Building,-^  ^  ^    ' 
Wheeling,  W.  Va.  (  ^  ^^^'  ^' 

General  Manager,  N.  Y.  &  N.  J.  i  y^  Aorili*; 
Tel.  Co.,  16  Smith  St..  Brooklyn.  •<  .,  yK  J 
N.  Y.  (  * 


Scheffler,  Fred.  A.        Stirling 


6 
26 


'  \a  April  19 
"  1m  Jan.    17 


iiling  Boiler  Co.,  126  Liberty  (  ^  ^  ^ 
Street,  New  York  City;  residence,  •<  w  ,^  ^ 
Passaic,  N.  J.  ( 

Superintendent,  Westinghouse  Elec-  j  A  Oct.  21 
trie  and  Mf^.  Co.,  Pittsburg,  Pa.  (  M  April  17 

Electrician,    South    Eastern    Tariff  (  .   «     . 
Association,    Norcross    Building,-]  «,  rxiJ.    iA 
Atlanta.  Ga.  (  ^  ^^^'  '° 

{Afanager.)  Chief  Electrician,  West- 
inghouse Electric  and  Mfg.  Co 
Pittsburg,  Pa. 

Instructor   in   Electrical   Engineer-  (  a    1  _ 
ing,    Columbia   University,    New^j^JJ_     7 
York  City.  (  ^  ^^^  *9 

Consulting    Electrician,     Westing-  (  *   c    * 
house    Electric    and    Mfg.    Co., -^  Cr  r5^       : 
of  Pittsburg  ;  Rochester.  Pa.  (  ^^  ^'^^-     "* 

Manager.    Akron    General    Electric  j  A  May   17 
Co  ,  Akron.  O.  {  M  Feb.  27 

Professor  of  Physics,  Catholic  Uni-  (  .    j^ 

versity  of  America,  Washington,  ■<  «#  t  ^^*  ^ 
l\  r  *         J  M  June  20 

Sheble  &  Patton,  Ltd..  1026  Filbert  j  A  Oct.    21 
St.,  Philadelphia,  Pa.  /  M  Dec.   18 

SnEi.noN,  Samuel,  A.  A/.^  Ph.D.     I'rofessor  of  Physics  and  f 

Electrical  Engineering.  Poly  tech- I  A  Dec.  16 
nic  Institute,  198^  Schermerhorn,  |  M  Oct.  27 
St..  Brooklyn,  N.  Y.  [ 

Shepari).  Wm.  K.  Steinway  Railway  Co.,  Long  Island  j  A  Feb.     7 

City,  N.  Y.  |M  Mar.  18 

Shepardson,  Gkorge  D.  Professor  of  Electrical  Engineering,  (  a    a     m  ^- 

University  of  Minnesota,  Minne- -^  f,  jP"*  " 
apolis,  Minn.  {  ^'  J*"*    " 


ScHMiD,  Albert 

SciiOEN,  A.  M. 

Scott,  Charles  F. 

Sever,  George  F. 

Shallenberger,  O.  B. 

Shaw,  Edwin  C. 
Shea,  Daniel  W. 

Sheble,  Franklin 


1892 
1893 

1894 
1894 

1887 
1895 


1888 
1888 


1893 
1894 

1884 
1894 

1893 
1896 

1890 
1895 

1893 
1896 

1S92 
1893 

1894 
1896 

1888 
1888 

1892 
1895 

1893 
1894 

1890 
1895 

1890 
1891 

1890 
1890 

l8gi 
1896 


MBMBBR8 


4«8 


Name. 
SiNCLAIRi  H.  A. 


Smith,  Frank  Stuart 


Smith,  Jesse  M. 


Address.  Date  of  Memberahip. 

Electrical    Eng^ineer,    The    Tucker  (  .  ,  « 

Electric  Co.,  950  Bedford  Ave.. -^  Ci  iJLk    J  a   ,Sa 
Brooklyn.  N.  Y:  '^MFeb.   26,1896 


Smith,  T.  Carpenter 


Spaulding,  Hollon  C. 


Sperry,  Elmer  A. 


Sprague.  Frank  J. 


Supt.    Lamp     Factory,    Westing-  (  .   ^ 
house  Electric  &  Mfg.  Co.,  Pitts-  <?,  ^Toril  18 
burg.  Pa.  (         ^ 

Expert  in  Patent  Causes,  Consulting  ( 
Electrical  and  Mechanical  Engi-J  A  April  15 
neer,  36   Moffat    Block,    Detroit.  1  M  June  26 
Mich.  i 

Mechanical  and  Electrical  Engineer,  (a   o  ♦     o- 
212  Drexel  Building.  Philadelphia,  j  ^j  j^^'j    \^ 

Electrical    Engineer,  Manager,    N.  j 
E.    Office,     Manhattan     General  J  A  April  21 
Construction  Co.,  611  John  Han- |  M  June  20 
cock  Bldg.,  Boston,  Mass.  (^ 

Electrical  Engineer,  Sperry  Electric  (  *    ... 
Railway  Co.,  Mason  and   Beldcn  {?,  0?^    I? 
Sts.,  Cleveland.  O.  [^  ^^^'  ^' 

{Past'Presidnti.)  Vicc-Prcst.  Sprague  f 

Electric  Elevator  Co..  Postal  Tele- 1  A  May  24 
eraph  Kldg..  253  Broadway  and  182  j  M  Feb.  17 
West  End  Ave.,  New  York  City     t 


Stanphord,  William        Asst 

Govt 
Hope 

Stearns.  Charles  K. /..A'.  Room 


4 
6 


Stearns,  Jokl  W.,  Jr. 


Stebbins,  Thkodore 


Stein metz,  Charles  P. 


Stephens,  (Jkorck 


Stikrin(;er,  Lither 


Stillwell,  Lewis  B. 


.  Supt.  Telegraphs,  Colonial  (  a  o  ^t 
>vt..  Cape  Town,  Cape  of  Good  •<  »-  y\^ 
ape,  Africa.  ( 

Room  15.  116  Bedford  Street,  (  a  a  <»  ft 
and  H5  Westland  Avenue,  Boston,  -j^j  0,"^'  ^ 
Mass.  (  ^^ 

Treasurer.   Mountain    Electric  Co.,  S  A  June  20 
Box  1545,  Denver,  Col.  \  M  Nov.  20 

Engineer  of  Committee  on    Local  (  a    1  1 , 
Companies,  General  Electric  Co.,  \  ».  •{"  ^      ^ 
Schnectady,  N.  Y.  ^  M  June  17 

(  Vice-President )   Electrician,  Gen-  (  a   x  i  o 

eral    Electric    Co.,    Schenectady.  ■<.,  '%^^''\  i. 


IS.  Y. 

(!^eneral    Supt..    Canadian    General  j  A  |une   20 

18 

8 


Stott.  Henry  (i. 


Taintor,  Giles 


Taltavall,  Tkos.  R. 


Electric  Co.,  Ltd.,Peterboro,  Ont.  \  M  Dec. 

Electrical  Expert,  Morris  Building,  j  A  June 
68  Broad  St.,  New  York  City.         /  M  Nov.     i 

{Manager.)     Electrical      Director,  ( 
Niagara  Falls   Power  Company,  J  A  April  19 
and    the    Cataract     Construction  |  M  Nov.  15 
Co.,  Niagara  Falls,  N.  Y.  [ 

Electrical  Engineer,    Buffalo  Gen'l  j  A  Sept.  25 

)  .M  i^ 


Electric  Co.,  Buffalo,  N.  Y. 


April  22 

June  26 
Dec.   16 


Division   Sup't.  Western    I  division  ^  . 
New  England  Telephone  and  Tel-  \  w 
egraph  Co.,  Springfield,  Mass.       f  ^ 

Electrical   World,   253    Broadway,  j  A  Jan.    20 
New  York  City.  (  M  Oct.    27 
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MEMBKHS 


Name. 

Terry,  Charles  A. 


Address. 


Dale  of  Membenhip. 


lawyer.  Westinghouse  Electric  and  (  .    .^.,    ^    ,««, 

Thomas,  Benjamin  F.,/*^.  2?.     Professor    of    Physics,   Ohio  (A  June    7,1892 

State  University,  Columbus,  O.      \  M  Nov.  15,  1892- 

Thomson,  Prof.  Elihu   {Past  President).     Electrician,  Gen-  ( 

eral  Electric,  and  Thomson  Elec-J  A  April  15,  18S4 
trie  Welding  Companies,  Lynn,  |  M  April  21,  1891 
Mass.  L 

Consulting  Electiician  and  Patent  (  .  .  m  .e  .aa* 
Attorney  in  Electrical  Cases,  5  1  v^  n^  ;'  ISal 
Beekman  St.,  New  York  City.        (  ^  ^^^^-     3'  "''^ 


Thompson,  Edward  P. 


Thurnauer,  Ernst 


Manager,     Thomson- Houston 
tcmational  Elec.  Co.,  27  Rue 
Londres,  Paris,  France. 


In.  f 
de-J 


A  Oct.    14,  1887 
M  Dec.     6,  1887 


Tischendoerfer,  F.  W.  Electrical    Engineer,   SchUckert    &  j  A  April  19.  1892 

Co.,  Nuremberg,  Germany.  \  M  Nov.  21,  1894 

Trafford,  Edward  VV.    Electrical  Engineer.  Richmond  Rail-  (  4   ir  k    ^t    *a*%^ 

way  and  Electric  Co..  Foot  of  7th  {?,  l^^'  "•  JJ^ 
St..  Richmond.  Va.  (^  ^^^-  '9»  1894 


Turner,  William  S. 


Uebklacker,  Chas.  F. 


Constructing  Elec-  f 
^chanical  Engineer,  -J 
'.  New  York  City.      ( 


Consulting  and  Constructing  Elec-  (  a    t^  ^    «bb^ 

trical  and  Mechanical  i?--.-—  J  ^  ^^^^'     7.  i»»C> 
253  Broadway, 


M  Oct.      2,  1888 


F'lectrical  Engineer,  Consolidated  (  a  i,*  k  -i  .a,*^ 
Traction  Co..  30  North  nth  St.,-^  C*  v!;*  J'  !a^ 
Newark,  N.  J.  |  ^*  ^^°^-  ^5.  1893 

Uhlenhaut,  Fritz,  Jr.    Philadelphia  Traction  Co.,  4101  Ha-  J  A  May     7,  1889 

verfoid  St..  Philadelphia,  Pa.  \  M  Dec.  19,  1894 

Sales-Manager,  National  Tube  j  A  May  17,  1887 
Works  Co.,  McKeesport.  Pa.  (  M  Mar.  15,  1892- 


Upton,  Francis  R 
Vail,  J.  H 


Enginecr-in-Chief.      Penn.       Heat,  ( 
Light  and  Power  Co.,  and  Edison  I  A  June     8,  1887 
Electric    Light  Co.,   909  Walnut  j  M  Nov.    i,  1887 
St.,  Philadelphia,  Pa.  [ 

Vansize,  William  B.         {Afatia^er)   Solicitor  of  Patents  and  (  *    .     .,  qj. 

Fvn«»rt    oca   Krnartorni^"    r«>vi'H«^n/>«^    J  ^    ApHI   1 5,    1554 


Expert.  253  Broadway 
100  W.  74th  St,,  New 


Patents  and  ( 
r,  residence,  < 
V  York  City.  ( 


M  Oct.    21,  1884 


Van  Trump,  C.  Reginald  Engineer  and  Manager,  Wilming-  (  %   ir  k  ..     aaf. 

ton    City  Electric  Co.,  Wilming- •^?;  ;,^^'  J'  J°^ 

ton,  Del                                         ^  ]M^eh.  21,1894 

Waddell,  Montgomery   Consulting    Engineer,    72    Trinity  j  A  Feb.  7,1888 

Place,  New  York  City.                     J  M  May  i,  i88a 


Wait,  Henry  H. 

Waldo,  Dr.  Leonard 

Walker,  Sydney  F. 
Waring,  John 


Assistant  Electrical  Engineer,  West-  (  *  c     f    o       a 
crn   Electric   Co,  4919    Madison  ^  Cf  iV   «^' ,  a  ^^ 
Ave..  Chicago,  III.  ]  ^^  J^'^^  ^°'  ^^94 


88ft 
88S 


Electrical  Engineer,  Secretary,  The  (at 
Waldo  Foundry,  57  Coleman  St.,  \  {\  j^"*     5»  i 
Bridgeport.  Conn.  (  ^^  ^^^'    ^*  ' 

Electrical     Engineer,    195    Severn  ^A  June    2.  1885 
Road.  Cardiff,  Wales.  }M  May  17,  1887 

Ovid,  N.  Y.  (A  Dec.  16,  1890 

I  M  April  17,  189s 


MEMBERS. 


a^s 


Name. 

Warner,  Ernest  P. 


Waterman,  F.  N. 

Weaver,  W.  D. 

Webb,  Herbert  Laws 
Weeks,  Edwin  R. 
Wellkr,  Harry  W. 
Weston,  Edward 


Addrras. 


Date  of  Membenhtp. 

Electrical  Engineer,  Western  Elcc-  (  *   q^_^^  __    .q^^ 

trie  Co.;    residence,  402  Belden  ^ f^  ?!«!' o^  t«2? 
Ave..  Chicago,  111.  ( ^  J^°^  ^°'  '^^4 


Electrical  Engineer,  Westinghouse 
Electric  and  Mfg.  Co.,  i3o  Broad- 
way, New  York  City. 

{Manager. )  Editor  American  Elec- 
trician, 7  West  26th  Street,  New 
York  City. 


JA  Feb.  21, 
1 M  June  20, 

J  A  May  17,  i 
1  M  May  17,  i 


1893 
1894 


887 
887 


18    Cortlandt   St.;    residence*    253  (A  Oct.    21,  1890 

(M  Dec.  16,  1890 


West  42d  St.,  New  York  City. 
706  Wall  St.,  Kansas  City,  Mo. 


(A  Sept.    6,  1887 
I  M  Nov.    I,  1887 


Wetzlkr,  Joseph 
Wharton,  Chas.  J. 


Electrical   Engineer,      Room    206,  jA  Oct.    21,  1890 
Equitable  Building,  Boston,  Mass.  ^M  Nov.  24,  1891 

{Past  President. )       Vice-  President, 
Weston      Electrical      Instrument 
Co  ,    120   William   St.,   and   645' 
High  St.,  Newark,  N.  J. 

Editor     The    Electrical    Engineer,  ji  A  April  15,  1 884 
203  Broadway,  New  York  City.      \  M  Dec.     9,  1884 


A  April  15,  1884 
M  Oct.    21,  1884 


82  Bond  St.,  London,  Eng, 


<A  Jan.      3.  1888 
'jM  May      1,  1888^ 


Wheeler,  Schuyler  Skaats,  ScD.      President,    Crocker- 


[Life  Member.] 


A  June     2,  1885 
M  Sept.     I,  1885 


White-Fraser,  Geo. 
Wiener,  Alkred  E. 

Wilcox,  Norman  T. 

Wilkes,  Gilbert 

WlLI.VOUNG,  Klmer  G. 

Wilson,  Charles  H. 
Wilson,  Fremont 

Wilson,  Harry  C. 

Winchester,  A.  E. 


Wheeler  Electric  Co. ,  39  Cortlandt 
St.,   N.   Y.,    and  Ampere,  N.  J.;^ 
residence,  4    West  33d  St.,  New 
York  City. 

Mem.  Can.  Soc.  C.  E.\  18  Imperial)  A  Sept.  22,  1891 
Loan  Building.  Toronto,  Ont.        {  M  Dec.    18,  1895 

Electrical  and  Mechanical  Engineer;  (  4    vf       tA      a 
residence,  208   Liberty  St.,  Sche-  -^  w  \*  ^  !?'    p^^ 
nectady,  N.  Y.  ]  M  May   15.  1894 

Manag 
I. 
F 


lager    and    Electrican.    Seneca  (  .   ,,  g 

ight    and     Power    Co..    Seneca  ^^^/^    22    i^l 
alls,  N.  Y.  (  ^  J''"-    ^^'  ^^^ 

Consulting     Electrical      Engineer,  (at  -    ,0 

1112      Union      Trust     Building, -^  f;  J?"*    A'    ^ 
Detroit.  Mich.  ^   (  ^  ^^^'-  ^^^  ^^^o 

E.  G.  Willyoung  &  Co.,  ScientiHc  (  .   ^  g 

Instruments  and  Apparatus,   938-^  ;.  j.     '  ^'    g^* 
Market  St.,  Philadelphia.  (  ^^  ^^^*^'  ^°'  '^^93 

Monadnock  Building,  Chicago   III.    \  A  Nov.  24,  1891 

'if  M  Feb.  16,  (89a 

Electrician,  66  Maiden  Lane,  (Tele-  (  a    \f         a     oaa 

phone,   1651  Cortlandt)  and  2153  ^m  Tune     ?'  .slt 
.Seventh  Ave.,  New  York  City.         (  M  June     5,  I88» 

Supt.  of  P.  O.  Telegraph  with  the  (at  « 

(Government,  Kingston,  Jamaica,  sCr  r     '    ^^*    o^' 
West  Indies!  ^  ]MJunc     7.  189* 

Consulting  Engineer  and  Designer  (  *    i  o      oa 

of   Electric  Systems,   South  Nor-  \  Cf  <?"*     *•  "S^ 
walk,  Conn.  (  ^^  ^°^-     ^'  "°7 
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MKMBBR8. 


Name. 


Address. 


Dftte  of  Membership. 


WiNSLOW,  George  Heruert    Consulting  Klectrical  Engineer,  (  *    *     *i  ri    tR  e 

700  Lewis  Block,  6th  Ave.,  and-^Ci^^I?    IV  1121 
Smithfield  St..  Pittsburg,  Fa.  ]  ^  ^^^'   "^»  '^^6 


Wirt,  CirARLE.s 
wolcott,  townseni) 
Wolverton,  B.  C. 
woodbridge,  j.  l. 


Consulting  Engineer.    1028  Filbert  j  A  Sept.    8,  1888 
St.,  Philadelphia.  Pa.  (  M  June  20,  1894 

Electrician,  1002  Bennett  Building,  jA  Mar.    6,  1888 
New  York  City.  J  M  Dec.  16,  1890 

Electrician 
and 


ician.  N.  Y.  &  Pa.  Telephone  j  A  Mar.  r8,  1890 
Telegraph  Co.,  Elmira,  N.  Y.  J 


Secretary    and     Treasurer,    Wood- 
bridge     &    Turner    Engineering^ 
Co.,   47   Times    Building,    New 
York  City. 


M  Feb.  21,  1895 

A  June     8,  1887 
M  Nov.     I.  1887 


Wright,  Peter 


General  Superintendent,  People's  j  ^^  ^  ^^ 
hlectnc  Light  and  Power  Co.,  36-(  ».  y  J  ,,*  ,oZl 
Mechanic  St..  Newark.  N.  J.  (  ^  >°-   ^^'  '^95 

WURTS,  Alexander  Jay  Wcstinghousc  Electric  &  Mfg.  Co.,  j  A  April  19.  1892 

Pittsburg,  Pa.  ^  M  Nov.  15,  1892 

YoUNO,  C.  Griffith  Electrical    Engineer.  White- 

Co.  ,    706     Equitable 
Baltimore,  Md. 


lite-Crosby  ( 
Building.,  < 


A  Jan.      3,  1889 
M  April  21.  189T 


Members, 


35'- 


A880CIATS  MEMBERS 
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Name. 

Abrlla,  Juan 


AoAE,  Chas.  Flamen 


ASSOCIATE  MEMBERS. 
Address. 

Director  General  of  Public  Lighting, 
Buenos  Aires  :  residence,  691  Calle 
Bolivar.  Buenos  Aires,  Argentine 
Republic. 

X-Ray  Laboratory,  P.  O.  Box,  2809 ; 
residence,  36  West  35th  Street,  New 
York  City. 

Adams,  Comfort  A.,  Jr.  Assistant  Professor  of  Electrical  Engi- 
neering. Harvard  University,  13 
Karrar  St.,  Cambndge,  Mass. 

Manager  Joseph  Adamson  &  Co., 
Hyde,  Cheshire,  England. 

Electrical  Engineer,  150  Nassau  St., 
23  West  39th  St.,  New  York  City. 

Electrical  Expert,  Compagnic  Kran- 
caisc  Thomson- Houston,  Mustapha, 
Algeria. 

Electrical  Engineer,  815  Main  St., 
Jacksonville,  Fla. 

Assistant  Manager,  with  L.  H.  Alden, 
486  River  Drive,  Passaic,  N.  J. 


Date  of  Electioo. 


Adamson,  Daniel 
Agnew,  Cornelius  R. 
Alb  an  ESS,  G.  Sacco 


Albert,  Henry 
Alden,  James  S. 
Aldrich,  William  S. 


Aug.  5,  1896 

Dec.  16,  1896 

Jan.  17.  1894 

Feb.  26,  1896 

Mar.  21,  1894 

Sept.  20,  1893 

Feb.  21,  1893 

May  19,  1891 


Alexander,  Harry 


Professor  of  Mechanical  Engineering 
and  Director  Mechanical  Arts,  West 
Virginia  University.  P.  O.  Box  256, 
Morgantown,  W.  Va. 

Electrical  Engineer,  General  Manager 
and  Vice  Prest.  Alexander-Chamber- 
lain Electric  Co.,  56  West  22d  St., 
and  348  W.  145th  St..  New  York 
City. 

Manager,  Lighting  Dept.,  Electric  Se- 
lector and  Signal  Co.,  43  Cortlandt 
St.,  New  York  City. 

General  Manager  and  Electrician, 
United  Electric  Light  Co.,  Spring- 
Held,  Mass. 

Andrews,  William,  C.     Electrical   Engineer.    Royal    Electric 

Co  ;    residence,    147    Metcalfe   St., 
Montreal,  P.  Q. 

Anson,  Franklin  Robert     Receiver,  Salem  Consolidated  Street 

Railway  C'o.,  Salem,  Ore. 

Anthony,  Watson  G.       Electrician.  32'^    Webster  St.,  New- 
ark, N.  J. 

Applkyard,  Arthur  E.     Manager  anM    Engineer,    Natick  Gas 

and  Electric  Co..  .Natick,  Mass. 


Mar.   15,  1892 


Alexander,  P.  H. 


Anderson,  Henry  S. 


Arch  BOLD,  Wm.  K. 

Archer,  Geo.  F. 
Armstrong,  Chas.  G. 


Westinghouse  Electric  and   Mfg.  Co. 
328  Exchange  Bldg.,  Boston,  Mass. 

Electrical   Engineer,   31   Burling  Slip, 
New  York  City. 

Electrical  Expert,  1306  Great  Northern 
Hotel  Kuilding.  Chicago.  111. 


April  21,  1 891 

Dec.    16,  1890 

Jan.     16,  189$ 

May  21,  189s 
Feb.  27,  1895 
Feb.  24,  1 891 
Aug.      5.  1896 

June    20,  1894 

Nov.  21,  1894 
Sept.  27,  1892 
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ASSOCIATE  MEMBERS 


Name. 

Arnold,  Craig  K. 


Ashley,  Frank  M. 
Austin,  Sydney  B. 
Auerbacher,  Louis  J. 

Babcock,  Clifford  D. 
Badeau,  Isaac  F. 

Baldwin,  J  as.  C.  T. 

Ball,  Wm.  D. 

Bancroft,  Chas.  F, 
Barbour,  Fred  Fiskr 


Barnard,  John  H. 


Barnes,  Edward  A. 


Barry,  David 


Barstow,  William  S. 


Address. 

Electrician  and  Treasurer,  Arnold 
Electric  Co..  Chester  and  Sharon 
Hill,  Pa. 

Master  Mechanic,  Ashley  Engineering 
Works,  69  Beekman  St.,  f^w  York. 

55  Franklin  St.;  residence,  130  West 
83rd  Street,  New  York. 

Auerbacher  &  Venino,  Electrical  En- 
gineers and  Contractors,  317  Market 
St.,  Newark,  N.  J. 

[Address  unknown.] 

Assistant  to  the  Engineer,  New  York 
Telephone  Co.  ;  residence,  162 
Prince  St.,  Brooklyn,  N.  Y. 

Superintendent  Bell  Telephone  Co.,  of 
Mo.;  loth  and  Olive  Sts.,  St.  Louis, 
Mo. 

Consulting  Electrical  Engineer,  W.  1). 
Ball  &  Co  ,  1625  Monadnock  Block, 
Chicago,  III. 

Electrical  Engineer,  Lowell  and  Sub- 
urban Street  Railway,  Lowell,  Mass. 

Manager,  Power  and  Mining  Depart- 
ment. Pacific  District,  General 
Electric  Co.,  15  First  St.,  San 
Francisco,  Cal.,  and  1673  ValdezSt., 
Oakland,  Cal. 

Interior  Te'ephone  Co.,  203  Broad- 
way. New  York  City. 

Electrical  Expert,  Fort  Wayne  Elec- 
tric Co.,  Fort  Wayne,  Ind. 

Electrician  and  Superintendent,  Am- 
herst Gas  Co. ,  Amherst,  Mass. 

General  Supt.,  Edison  Electric  lliumi- 
nating  Co.,  360  Pearl  St.,  Brooklyn, 
N.  Y. 


Date  of  Election. 

Nov.  15,  189* 
Nov.  21,  1894 
Sept.  25,  1895 

Sept.  20,  1893 
Feb.    21,  1894 

Feb.    26.  i8g6 

April  17,  1895 

Nov.  20,  1895 
Dec.    18,  1895 


Barth-Bar TOSHEVITCH,  A.  Mechanical  and  Electrical  Engineer, 

[Address  unknown.] 


Bartlett,  Edward  E. 
Barton.  E.nos  M. 
Bates,  Frederick  C. 
Bates,  Putnam  A. 

Bauer,  W.  F. 
Beames,  Clare  F. 

Beattie,  John,  Jr. 


Member  Firm  Bartlett  &  Co.,  23  Rose 
St.,  New  York  City. 

President  Western  Electric  Co.,  227 
South  Clinton  St.,  Chicago,  111. 

Electrical  Engineer,  General  Electric 
Co.,  44  Broad  St.,  New  York  City. 

Student,  Columbia  University ;  resi- 
dence, 113  West  72d  St.,  New  York 
City. 

Electrician,  Reisterstown,  Md. 

General  Electric  Co.,  Monadnock 
Block,  Chicago,  III, 

Manager  and  Superintendent,  The 
Beattie  Battery,  Zinc  and  Electric 
Co.,  Fall  River,  Mass. 


May  16,  1893 
June  26,  1891 
Sept.  20,  1893 
Aug.      5,  1896 

Feb.  21,  1894 
May  16,  1893 
June  6,  1893 
July  12,  1887 
Jan.    20,  1 891 

Jan.  20,  1897 
April  15,  1890 

May  21,  1895 
Sept.     6,  1887 


A8800IATB  MEMBERS 
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Name. 

Bbll,  Ora  a. 


Address. 

£lectrical  Engineer,  Western  Electric 
Co.,  22  Thames  St.,  New  York; 
residence.  921  St.  Nicholas  Ave., 
New  York. 


Dau  of  Election. 


Bennett,  Edwin  H.,  Jr.  Electrician  and  Engineer,  Diehl  &Co., 

Elizabethport,  N.  J.,  and  17  E.  33d 
St.,  Bayonne,  N.  J. 

Bennett,  John  C.  Electrician,  General   Electric  Co.,  44 

Broad  St.,  New  York  City. 

Benoliel,  Sol.  D.,  i^.  S.^E.E.^  A,  AI.  Consulting  and  Contract- 
ing Electrical  Engineer,  1327  Broad- 
way ;  residence.  120  W.  35th  St.. 
New  York  City 


Aug.     5,  1896 

June  do,  1894 
Mar.    18,  1890 


Bentley,  Merton  H. 
Berg,  Ernst  Juluts 

Berg,  Eskil 
Bergholtz,  Herman 
Berlinkr,  Emile 


Chicago  Telephone  Co.;  residence, 
221  Scoville  Ave.,  Oak  Park,  III. 

Engineer,  General  Electric  Co.;  resi- 
dence, 53  Washington  Ave.,  Sche- 
nectady. N.  Y. 

Electrical  Engineer,  Gen'l  Electric 
Co.,  Schenectady,  N.  Y. 

Secretary  and  Treasurer,  Ithaca  Street 
Railway  Co.,  Ithaca,  N.  Y. 

Inventor,  Columbia  Road,  between 
Fourteenth  and  Fifteenth  Sts., 
Washington,  I).  C. 

Berrksforu,  Arthur  W.,  B.  S.,Af.£.      Electrician,      Ward 

I^ouard    Electric    Co  ,    Hoboken, 
N.J. 


Best,  A.  T. 
Bethell,  U.  N. 

Betts.  Hobart  I). 

Bktis,  Philander  3d 
BiDDi.K,  James  G. 


[Life  Member.] 

Black,  Chas.  N. 
Bi^KE,  Henry  W. 


Blake,  Theodore  W. 


Blanchard,  Charles  M.  Winterbum,  Pa. 
Blaxtrr,  Geo.  H. 


Oct.  21,  1896 

Oct.  18,  1895 

Sept.  19,  1894 

Nov.  20,  189s 

April  2,  1889 

April  15,  1884 

May  15,  1894 

April  19,  1894 

Jan.  17,  1894 

Aug.  5,  1896 

Mar.  25,  1896 

Aug.  5,  1896 

May  15,  1894 

April  19,  1890 

Nov.  13,  1888 

Sept.  20,  1893 

Sept.  19,  1894 

Vice-President  and  General  Manager, 
Allegheny  County  Light  Co.,  West- 

inghouse  Building,  Pittsburg,  Pa.         Sept.  25,  1895 


Electrical  Engineer,  Miami,  Florida. 

General  Manager,  The  New  York 
Telephone  Co.,  18  Cortlandt  St., 
N .  Y.  City. 

Member  of  Inspection  Dept.,  The 
Edison  Klec.  Ill'm'g  Co.  of  N.  Y.; 
resideuce,  Englewood.  N.  J. 

Electrician,  U.  S.  Navy  Yard,  Wash- 
ington, D.  C. 

Drexel  BIdg.,  Philadelphia.  Pa.;  resi- 
dence, 264  Rittenhouse  St.,  German- 
town,  Pa. 


BijUR.  Joseph,  A.B.,  E.  E.    Manager.  Electric  Arc   Light  Co., 

687  Broadway;  residence,  172  West 
75th  St.,  New  York  City. 

Walker    Company,     140    Winchester 
Ave.,  New  Haven,  Ct. 


Editor,    Street  /Railway  Journal^    26 
Cortlandt  St.,  Ntw  York  City. 

125  Milk  Street,  Boston,  Mass. 
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ASSOCIATE  MEMBERS 


Name. 

Buss,  George  S. 


Bliss,  Wm.  J.  A. 


Address. 

Electrical  Enj^ineer,  Central  District 
and  Printing  Telegraph  Co.,  Tele- 
phone Bldg.,  Pittsburg,  Pa. 

Johns  Hopkins  University,  Baltimore, 
Md. 


Bliss,  William  L.,  B.  S.,  M.  M,  E.  Electrical  Engineer,  Con- 
solidated Gas  Co.,  4  Irving  Place, 
New  York  City;  residence,  24  Irving 
Place,  Brooklyn,  N.  Y. 

Blizard,  Charles  Manager  of  New  York  Office,  Electric 

Storage  Battery  Co..  66  Broadway  ; 
residence,  34  W.  27th  St.,  New  York 
City. 

Boardman,  Harry  B.       1530  Grand  Ave.,  Milwaukee,  Wis. 

BoGART,  A.  Livingston     Electrical    and     Patent     Expert.    22 

Union  Square,  New  York  City. 

BoGGS,  Lemuel  Stearns  Reed  Hotel,  Ogden,  Utah. 

BoGUR,  Charles  J.  Manufacturer  an«l  Dealer  in  Electrical 

Supplies,  206 Centre  St.,  N.Y.  City. 

BoHM.  LuDWiG  K.,  Ph.D.,  Consulting  Electrical  and  Chemical 

Expert.  117  Nassau  .St.,  N.  Y.  City. 

Bolan.  Thomas  V.  Supervising     and     Constructing    En- 

gineer, The  General  Electric  Co., 
Schenectady,  N .  Y. :  residence,  86q 
N.   41st  St.,    Philadelphia,  Pa. 

Boyles,   Thomas  D.  Electrical   Engineer,  General   Electric 

'  Co. ;  residence,  58  Washington  Ave., 

Schenectady,  N.  Y. 

Brackett,  Prof.  Cyrus  F.  Princeton,  N.  J. 

Braddf.ll,  .Vlfred  E.       Electrical      Inspector,     Underwriters' 

Association,  Middle  Department, 
316  Walnut  St.,  Philadelphia,  Pa. 

Brady,  E.  D.  A.  Consulting   and   Constructing   Engin- 

eer, 95  Bank  St.,  Lock  P.  O.  Box  132, 
Watcrbury,  Conn. 

Brady.  Frank  W.,  M.  £.  Professor  of  Engineering  and  Physics, 

New  Mexico  College  of  Agriculture 
and  Mechanic  Arts,  Mesilla  Park, 
N.  M. 


Date  of  Election. 

June    20»  1894 
Jan.    20,  1 891 


Mar.    21,  1894 


Nov.  21,  1894 
Sept.  20,  1893 

July    ID,  1888 
Sept.   20,  1893 

Dec.      3,  1889 

Nov.    15,  189a 


Aug.     5,  1896 

Mar.  20,    1895 
April  15,  1889 

Sept.     I,  1890 

Sept.   19,  1894 


June    20,  1894 


Brady.  Paul  T. 

Bragg,  Charles  A. 

Brayshaw.  L 
Brixey,  W.  R. 

Broich,  Joseph 


Manager,  Central  N.  Y.  Agency.  West- 
inghouse  Electric  and  Mfg.  Co  , 
Syracuse,  N.  Y. 

Manager  Phila.  Agency,  Westing- 
house  Electric  and  Mfg  Co.,  302 
(lirard  Building,  Philadelphia,  Pa. 

Telegraph  Inspector  Great  Southern 
Railway,  City  of  Buenos  Aires. 

Proprietor  and  Manufacturer,  Day's 
Kerite  Wire  and  Cables,  203  Broad- 
way, New  York  City. 

Superintendent  and  Electrician,  with 
F.  Pearce,  New  York  City;  resi- 
dence, 448  8th  Ave.   Brooklyn,  N.  Y.     Jan.     17,1694 


July  12,  1887 

Sept.  20,  1893 
Aug.   5,  1896 

Sept.  20,  1893 


A880VIA  TK  MEMBKU8 
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Nftme. 

Brophy,  William 


Brqwn,  Albkrt  \V. 

Brown,  Chas.  L, 

Hubert,  J.  F. 

Buck,  Harold  W. 
Buckingham,  Chas.  I.. 

BuNCE,  Theodore  D. 
Burgess,  Chas.  Fred'k. 

Burke,  James 


Date  of  Election. 


Mar.      5,  i88v 


Address. 

Electrician  to  the  Wire  Department,  12 
Old  Court  House,  Boston;  residence, 
17  Egleston  St.,  Jamaica  Plain,  Mass. 

Mechanical  and  Electrical  Engineer, 
Room  18.  39  Conlandt  Street ;  resi- 
dence, 27  W.  24th  St  ,  New  York.       Feb.    17,  1897 

Ass't  Eng.  Pinlsch  Compressing  Co., 
and  Foreman  159th  St.  Plant,  160 
Broadway,  New  York  City. 

Supervising  and  Contracting  Electrical 
Engineer,  402  FIxchange  Bldg., 
(Telephone  1379)  Boston,  Mass. 

14  East  45th  St..  New  York  City. 

Patent  Attorney.  Western  Union  Tele- 
graph Co.,  195  Broadway,  P.  O. 
Box  856,  New  York  City. 


Nov.    20,  1895 

June      7,  1893 
Jan.     16,  189s 


The  Storage  Battery  Supply  Co.,  239 
E.  27th  St.,  New  York  City. 

Inspector  in  Electrical  Engineering, 
University  of  Wisconsin,  Madison, 
Wis. 

Firm  of  Herrick  &  Burke,  150  Nassau 
St.,  New  York  City. 

Burnett,  Douglass,  B.S.  Edison  Illuminating  Co.,  Inspection 

Dept.,  55  Duane  St.,  New  York 
City;  residence,  42  Livingston  St., 
Brooklyn,  N.  Y. 

Manager  and  Sec'y,  and  Treas.  Charles- 
ton Light  and  Power  Co.,  Charles- 
ton, S.  C. 


April  15,  1884 
May    20,  1890 

Mar.    2|»  1896 
May    16,  1893 


Burt,  Byron  T. 


Burton,  Paul  G. 


Burton.  Willl^m  C. 


Butler,  William  C. 


Buys,  Albert 


Byrns,  Rohkrt  a. 


Cabot,  Francis  Elliott 


Cabot,  John  Alfred 


Caldwell,  Edward 


Caldwell,  Francis  C. 


Constructing  Electrician,  Western 
Electric  Co. :  residence,  164  W.  129 
St.,  New  York  City. 

With  White-Crosby  Co.,  29  Broadway, 
New  York,   N.  Y. 

President,  The  Puget  Sound  Reduction 
Co.,  Everett,  Washington. 

Electrical  Eogineer,  The  k  ah  way 
Electric  Light  and  Power  Co.,  Rah- 
way,  N.  J. 

Walker  Company,  253  Broadway.  New 
York  City;  residence,  187  Carlton 
Ave  ,  Brooklyn,  N.  Y. 

Supt.  of  Inspection  and  Electrician, 
Boston  Board  of  Fire  Underwriters. 
55  Kilby  Street ;  residence.  East 
Milton,  Mass. 

City  Electrician,  115  W.  8th  .St.,  Cin- 
cinnati, (.). 

Manager,  Railway  Advertising  Co.. 
261  Broadway,  New  York  City. 

Assistant  Professor  of  Electrical  En- 
gineering. Ohio  State  University, 
r.olumbus,  O. 


Feb.    21,  1893 

Sept.  25,  189s 

Nov.  20,  1895 
Sept.  20,  1893 
Mar.    21,  1893 

Feb.      7,  1890 

Dec.    16.   1896 


April  J  7,  189s 
May  16,  1893 
Jan.  20,  1891 

June  20,  1894 
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ASSOOIATB  MBMBICRS 


Name. 

Canfield,  Milton  C. 
Canfjeld,  Myron  E. 
Capuccio,  Mario 

Carichoff,  E.  R. 
Cakpentrr,  CHA8.  E. 

Carson,  David  I. 

Carty,  J.  J. 

Case,  Willard  E. 
Casper,  Louis 


Addrew. 

Electrical  Enfj^ineef,  i8  Clinton  St., 
Cleveland,  O. 

Western  Electric  Co.;  residence,  404 
W.  44th  St.  New  York  City. 

Raimondo  &  Capuccio.  Consulting 
Engineers  and  Patent  Agents,  Piazza 
Statuto  15,  Turin,  Italy. 

Electrical  Engineer.  Sprague  Electric 
Elevator    Co.,    BloomBeld,  N.  J. 

Vice-President,  Carpenter  Enamel 
Rheostat  Co. ;  residence,  36  W.  35th 
St.,  New  York. 

Secy,  and  Gen.  Supt.,  The  Southern 
Bell  Telephone  and  Telegraph  Co., 
26  Cortlandt  Si.,  New  York  City. 

Engineer,  New  York  Telephone  Co., 
18  Cortlandt  St..  New  York  City  ; 
residence,  Cranford,  N.  J. 

196  Genesee  St.,  Auburn,  N.  Y. 


Electricial  Engineer  and  Contractor, 
307  New  Ridge  BIdg.,  Kansas  <'ity, 
Mo. 

Chadbourne,  Henry  R.,  Jr.     Electrical  Engineer,  130  Bedford 

St.,  Boston,  Mass. 

Chapman,  A.  Wright       Electrical   Engineer,    160   Hicks  St., 

Brooklyn,  N.  Y. 

Cheney,  Frederick  A.     Maple  Avenue,  Elmira,  N.  Y. 

Chermont,  Antonio  I.eitf    Engineer,  Firm  of  Chermont,  Silva 

and   Miranda,  Box  252,  Para,  U.  S. 
Brazil. 


Chesnev,  C.  C. 
Childs,  Sumner  W. 
Childs,  Walter  H. 

CHISM,  CiEORGE  F. 


Electrician,  Stanley  I.aboratory,  Pitts- 
field.  Mass. 

The   Degnon    Construction    Co.,     26 
Wade  Bldg..  Cleveland,  Ohio. 

Brattleboro.  Vt. 

Civil  Engfineer,  92  State  St.,  Albany, 
N.  Y. 


Clark,  Chas.  M. 


Clark,  LeRov,  Jr. 


Chubbi:ck,  H.  Eugene     Vice-President.  The   I^leblo.  Electric 

Street  Railway  Co.,  Pueblo,  Col. 

Student,  Electrical  Course,  Columbia 
University  ;  residence,  831  Madison 
Ave..   New  York  City. 

Electrician.  Safety  Insulated  Wire  and 
Cable  Co..  229  West  28th  St.,  resi- 
dence. 350  West  30th  St.,  New  York 
City. 

General  Manager,  Railway  Dept.  Gen- 
eral Electric  Co.,  44  Broad  Street, 
New  York  City. 

1013  Central  Ave..  Oakland,  Cal. 

Box  114.  Manchester,  N.  H. 


Date  of  Election. 

Feb.    21,  1893 
May  21,  189s 

Dec.    20,  1893 
Mar.    21,  1894 

Aug.     5,  1896 

Dec.    21,  1892 

April  15.  1890 
Feb.      7,  1888 

April  21,  1891 
May    15.  1894 

Mar.    25,  1896 
Oct.      I,  1889 

Mar.    18,  1890 

June    20,  1894 

May    15,  1894 
Sept.     6,  1887 

Mar.    21,  1893 

Dec.      4,  1888 

April  22.  1896 


Clark,  William  J. 

Clement,  Lewis  M. 
•<'i.c)rr,H,  Albert  I.. 


May    15.  1894 

April  22,  1896 
.\pril  21,  1891 
Feb.    21,  1894 


A880CIATJe  MEMBERS 
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Name. 
Cody,  I^.  P. 

Coffin,  Chas.  A. 
Cogswell,  A.  R. 

CoHo,  Herbert  B. 


Date  uf  Election. 

Aug.      5,  1896 

Dec.      6,  1887 

Electrician  and  Superintendent.  Hali- 
fax Illuminating  and  Motor  Co., 
Ltd.,  34  Bishop  St.,  Halifax,  N.  S.      April  21,  1891 


Address. 

Manager  and  Engineer,  Grand  Rapids 
Electric  Co.,  9  South  Division  St. , 
Grand  Rapids.  Mich. 

General  Electric  Co.,  180  Summer 
St.,  Boston,  Mass. 


Coles,  Edmund  P. 
Colgate,  Geo.  L. 


H.  B.  Coho  &  Co..  Electrical  En- 
gineers, 203  Broadway,  New  York 
City. 

Resident  Engineer.  Manaos  Electric 
lighting  Co  ,  Nfanaos.  IJ.  S.  Brazil. 

Electrical  Engineer,  Ironclad  Rheostat 
Co.,  We.st field,  N.  J.;  residence, 
Fan  wood,  N.J. 

Colles,   Gfx)Rgk   W.   Jr.   A.  B.,  M  A.     Metropolitan   Water 

Board,  3  Mt.   Vernon  St.,  Boston, 
Mass. 

Engineer  Construction  Dep't.  New 
York  Telephone  Co..  18  Cortlandt 
St  .  New  York  City;  residence, 
Van  Pelt  Manor,  N.  V. 


C0L1.ETT,  Samuel  I). 


CoLviLLE,  Frank  C. 
CoMPTON,  Alfred  G. 

CooLiDtiK,  Charles  A. 


Mar.  21,  1894 

Oct.  23,  1895 

June  17,  1890 

Oct.  23,  1895 

Feb.  26,  1896 

May  19,  1 89 1 

Professor  of  Applied  Mathematics, 
("ollege   of  the  City  of   New   York, 

17  Lexington  Ave.,  New  York  City.     Nov.  i    1887 

Electrical  Engineer,  Superintendent, 
Northern  Improvement  Co ,  591 
Hood  St..  Portland,  Ore. 


Electrician  and  Inventor,  1503  Seventh 
Ave..  Oakland,  Cal. 


Corey,  Frkd  Brainard    Sec'y  Springfield   Elevator  and  Pump 

Co.,  Springfield    Mass. 


Cornell,  John  B. 


Supt.  of   C*>Dstruction,  with  Chas.  L. 
Cornell,   Hamilton.  O. 


Grain,  John  Jay, 


(^'oRSos,  WnxiAM  R.  C.     Electrical  Engineer.  The  Eddy  Electric 

Mfg.  Co.,  Windsor,  Conn. 

Cory,  Clarence  \..  Professor  of    Electrical    Engineering, 

Universitv  of  California,  Berkelev, 
Cal. 

Elecirician's     Helper,     Niagara    Palls 
Power  Co.,  Niagara  Fall>,  N.  Y. 

Crandall,  CnR.STER  D.  Assistant  Ireasurer.  Western  Elec- 
tric Co.,  227  South  Clinton  St.; 
residence,  4438  Ellis  -Ave.  Chi- 
cago. 111. 

Crane,  W.  F.  D.  Manager  Electrical  Department  H.  VV. 

Johns  Manufacturing  Co.,  87 
Maiden  Lane.  New  York  City; 
residence.  24  Halstead  PI.,  East 
Orange.  N.  J. 

Crawford.  Dayid  Francis     Ass't     to    Supt.    Motive    Power, 

Penn'a  Co.,  Fort  Wayne,  Ind. 

Crawford,  L.  G.  Sup't.  Repair  Dep't  General  Electric 

Co.,  Chicago,  111. 


April  19,  1892 
Dec.  20,  1S93 
Sept.  25,  1895 
Jan.     17,  1893 

April  19,  1892 
Dec.   16,   1896 


Sept.  27,  1892 


Feb.  7,  1888 
Sept.  25,  189$ 
Oct.     23,  i«9S> 
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ASSOCIATE  MEMBtCRS 


Name.  Address. 

Creaghead,  Thomas  J.    President      and      General     Manager. 

Creaghead    Engineering     Co.»    296 
Plum  St.,  Cincinnati,  O. 

Crehore,  Albert  C,  Ph.D.  Assistant     Professor   of    Physics, 

Dartmouth  College,  Hanover,  N.  H. 


Crews,  J.  W. 

Criggal,  John  E. 
Crosby,  Oscar  T. 
Croxton,  a.  L. 

CuMNER,  Arthur  B. 
Cunningham,  E.  R. 

CuNTZ,  Johannes  II. 


Manager,  Southern  Bell  Telephone 
and  Teleeraph  Co  ,  124  Main  St., 
Norfolk.  Va 

Electrician,  12  Nelson  Place,  New- 
ark, N.  J. 

White -Crosby  Co.,  1417  G  Street, 
Washington.  D.  C. 

Electrical  Engineer,  Standard  Electric 
Co.,  71 18  Drexel  Ave.,  Chicago,  111. 

69  Broad  St..  Boston,  Mass. 

Sup't  Fort  Dcdge  Light  and  Power 
Co.,  Foit  Dodge,  Iowa. 


Assistant  to  President  Henry  Morton, 
Stevens  Institute  of  Technology, 
325  Hudson  St  ,  Hoboken,  N.  J. 

410  Havemeyer  Bldg..  New  York 
City. 

daCunha,  Mangel  Ignacio  Manager  of  the  Electrical  Section. 

Emprera       Industrial      (i  ram- Para, 
Para,  U.  S.  of  Brazil. 


Curtis,  Chas.  G. 


Dame.  Frank  L. 
Dana,  R.  K. 
Danielson,  Ernst 
Darrow,  Eleazar 
Davenport,  C.  G. 


(leneral  Sup't,  Tacoma  Railway  and 
Motor  Co..   Tacoma,  Wash. 

Agent,  Washburn  and  Moen  Mfg. 
Co.,  16  Cliff  St..  New  York  City. 

Consulting  Electrician,  16  Scheele 
Gatan,  Stockholm,  Sweden. 

Professor  M.  E.  Dept.  Washington 
Agr.  College,  Pullman,  Wash. 

Expert  and  Agent,  General  Electric 
Co..  44  Broad  St.,  New  York  City. 

Davkn PORT,  George  W.   61  Ames  Bldg.,  Boston.  Mass. 

Davidson,  Edw.  C,  Patent    Lawyer,    Room     179    Times 

Bldg.,  New  York  City. 

Superintendent,  Salem  Electric  Light 
and  Power  Co..  299  Lincoln  Ave., 
Salem,  O. 

Engineer,  American  Bell  Telephone 
Co., 1 13  W  .  38th  St., New  York  City. 

Electrical  Engineer,  General  Electric 
Co.,  Schenectady,  N.  Y. 

Electrical  Engineer.  New  York 
Telephone  Co.,  18  Cortlandt  St., 
New  York  ('ity ;  residence.  Van 
Pelt  Manor.  N.  Y. 

Constructing  Engineer,  Gcn'l  Electric 
Co..  Kio  de  Janeiro,  Brazil. 


Davis,  Delamore  L. 

Davis,  Joseph  P. 
Davis.  W.  J.,  Jr. 
Dkcker,  Edward  P. 


Dace  of  Eiectioa. 

Sept.  20,  1895 

Dec.  21,  1892 

Sept.  19,  1894 

June  20,  1894 

Mar.  18.  1890 

June  20.  1894 

Feb.  27.  189s 

Jan.  22,  1896 

Mar.  5.  1889 

April  15.  1884 

May  16,  189^ 

June  26.  1891 

April  15,  1884 

June  27,  1895 

Aug.  5,  1896 

Nov.  21,  1894- 

June  4.  1889 

Feb  7,  1890 

April  2,  188^ 

April  15,  1884 

Mar.  20.   1895 


Df.gkn,  Lewis 


Feb.    26.  1896- 
Sept.    25,  1895 


ASSOCIATE  MEMBERS 
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Name.  Addreas. 

dbKhotinsky,  Capt.  Achilles,    Late    Chief    Electrician    and 

l^orpedo  Officer.  Imperial  Russian 
Navy,  American  Bell  Telephone  Co., 
42  Furnsworth  St  ,  Boston,  Mass. 


Date  of  Election. 


deLakcey,  Dakkach 
Denton,  James  E. 

Desmond,  J  eke.  A. 


Manaj^cr  of  Kodak  Park  Works,  East- 
man Kodak  Co.,  Rochester,  N.  Y. 

Professor  of  Experimental  Mechanics, 
Stevens  Institute  of  Technology, 
Hoboken,  N.  J. 

Electrical  Engineer,  Boston  Electric 
Light  Co.,  .Ames  Bi*lg.,  Boston, 
Mass 


Dewar,  John  Tho.mas      Electrical    Expert,    Western    Electric 

Co.;  residence,  33  Rue   Bouewijns, 
Antwerp,  Belgium. 


Oct.    27,  1891 
Sept.  19,  1894 

July    12,  1887 

Jan.     19,  189a 

May  21,  1895 


Dey,  Harry  E. 


DlCKERSON,  E.  N. 

Dobbie,  Robert  S. 


Pres't  and  GenM  Mgr.  Dey-Griswold 
Co.,  108  Fulton  St..  New  York  City, 
residence,  342  Tenth  St.,  Brooklyn, 
N.  Y. 

Attorney -at- Law,  64  E.  34th  St.,  New 
York  Cilv. 

Electrical  Engineer,  Riding  Mill-on- 
Tyne,  Xorthumberiand,  Eng. 


DooLiTTLK,  Claken'ce  E.     Manager    and  Electrician,    Roaring 

Fork  Electric  Light  and  Power  Co., 
Aspen,  Colo. 

DooLiTTKE,  Thomas  B.     Engineering     Department,    American 

Bell    Telephone  Co.,  125   Milk   St.. 
Boston.  Mass. 


DoREMUs.  Charles  \. 
Dorr,  ?kank  1 1. 


M,D.  rh.D.  59  W.  51st  St.,  New 
York  ('ity. 

Electrical  Engineer,  General  Electric 
Co.,  Monadnock  Building,  Chicago, 
111. 


Dresslkr,  Charles  E.      17  Lexington  Ave.,  New  York  City. 

Drysdale.  William  A.     Consulting  Electrical  Engineer.  Hale 

Building,  Philadelphia.  Pa. 

Chief  Electrician,  Mohawk  Division 
N.  Y.  C  &  H.  R.  R.  R.  Albany, 
N.  Y. 


Du  Bois,  Julian 

Duncan,  John  D.  E. 
Duncan,  Thomas 

Dunlap,  Will  Knox 

Dunn.  Kingslkv  C 


333  S.  4th  St.,  Tcrrc  Haute,  Ind. 

Electrician,  Laboratory  Fort  Wayne 
Electric  Corporation,  407  Broadway, 
Fort  Wayne,  Ind. 

Electrical  Engineer,  Westinghouse 
Elec.  and  Mfg.  Co..  Niagara  Falls, 
N.  Y. 

Dunn  &  Mc  Kin  ley.  Electrical  Con- 
tractors. 523  Mission  St.,  San  Fran- 
cisco, (^al. 


Dec.  19.  1894 

April  15.  1884 

Feb.  s>  1889 

May  15,  1894 

.May  16,  1893 

July  7.  1884 

May  15,  1894 

Dec  16.  1890 

Sept.  19,  1894 

Nov.  20,  1895 

Mar.  20,  189s 

Oct.  17,  1894 
Sept.  25,  189$ 

Oct.  17.  1894 
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ASSOCIATE  MEMBERS 


Name. 
DuRANT,  Edward 

DuRANT,  Geo.  F. 


Address. 
Electrician,    115  East  26th  St.,  New 
York  City. 

Vice-Pres't  Bell  Telephone  Co.,  of  Mo., 
511  No.  4th  St.,  St.  Louis,  Mo. 


Dyer,  Francis  Maron      Associate    Engineer    with    Chas.    L. 

Eidlitz,  10  West  23d  St  ;  residence, 
355  Lenox  Ave.,  New  York  City. 

Eddy,  H.  C.  Electrical   Engineer  and    Contractor, 

Lees  Building.  Chicago,  111. 

Eden,  Morton  Edward  Electrical  Inspector.  Western  District 

the  Underwriters'  Association  of 
the  Middle  Department,  245  Fourth 
Ave. ,  Pittsburg  ;  residence,  Warren 
Pa. 


Dftte  of  Election. 

Nov.  15,  1892 
April  15,  1884 

Sept.   19,  1894 
June  ao,   1894 


Edwards,  James  P. 
Eglin,  Wm.  C.  L. 


Eidlitz,  Chas.  L. 
Ekstrom,  Axel 
Eley,  Harris  H. 

Ellicx)TT,  Edward  B. 

Elmer,  William.  Jr. 


Electrical  Engineer,  1569  Walton  Way, 
Augusta,  Ga. 

Chief  of  Electrical  Department.  Edison 
Electric  Light  Co..  909  Walnut  St.; 
residence,  4230  Chester  Ave.,  Phila- 
delphia, Pa. 

10  West  23d  St.:  residence,  1125 
MadisoQ  Ave  ,  New  York  City. 

Electrical  Engineer,  General  Electric 
Co.;  Schenectady,  N.  Y. 

?'lectrical  Workshop  Supt.  W.  C.  &  S. 
W.  Telephone  Co.,  88  Colston  St., 
Bristol,  Eng. 

Superintendent  of  Construction,  West- 
ern Electric  Co.,  4438  Ellis  Ave.. 
Chicago,  111. 

Electrical  Engineer,  Trenton  Iron  Co., 
Trenton,  N.  J. 


Sept.   19,  1894 
April  19,  189a 


Ely,  Wm.  Grosvenor,  Jr.     8  Union  Street,  Schenectady,  N.  Y. 

Emmet,  Herman  L.  R.      Publisher   and    Printer,  36   ('ortlandt 

St.,  New  York  City. 


Ende,  Siegfried  H 


1459  Madison  Ave.,  New  York  City. 


Entz,  Jt^sTUS  Bulk  ley      Electrical   Engineer,  Electric  Storage 

Battery  Co.,  19th  St.,  and  Allegheny 
Ave.,  Philadelphia,  Pa. 


Erickson,  F.  Wm. 
EssicK,  Samuel  V. 

Esty,  William 

Etheridge,  Lockk 
Etheridge,  E.  L. 


Edison  Ekctric  Illuminating  Co.,  3 
Head  Place,  Boston,  Mass. 

Electrician,  Consolidated  Telegraph 
and  News  Co..  53  Park  Place.  New 
York:  residence.  Yonkers,  N.  Y. 

Assistant  Professor  of  Electrical  Engi- 
neering, State  University,  Urbana, 
111. 

Chicago  Telephone  Co.;  residence. 
4714  Kenwood  Ave.,  Chicago,  III. 

Care  of  J.  P.  Hall,  143  Liberty  St., 
New  York  City 


Sept.  19,  1894 

Sept.  19,  1894 

June  17,  1890 

Jan.  7,  1890 

Sept.  19,  1894 

Mar.  18,  1890 

Mar.  21,  1893 

April  15,  1884 

Jan.  17,  1894 

Jan.  7,  1890 

Sep.  19,  1894 

May  19.  1 89 1 

Mar.  20,  1895 

Oct.  17,  1894 

Dec.  20.  1893 


AaaOClATE  MBMBBR8 


47T 


Kara«. 

Evans,  Edward  A. 


Acidrcn. 

Actin);^  Chief  Engineer,  The  Quebec, 
Montmorency  and  Charlevoin  Rail- 
way, Quebec,  Canada. 

Manager  Harrison  Works,  General 
Electric  Co.,  Harrison,  N.  J. 

Farnsworth,  Arthur  J.    Chief  Engineer,  Larchmont  Electric 

Co.,  Mamaroneck.  N.  Y. 


Eyre,  M.  K. 


Fay,  Thomas  J. 
FiBLDiNG.  Frank  E. 

[Life  Member.] 

Firth,  Wm.  Edgar 


Fischer,  Gustave  J. 

Fish,  Milton  L. 
Fisher,  Henry  W. 


Crocker-Wheeler  Electric  Co.,  143 
Liberty  St.,  New  York  City. 

Chemist  and   Assayer.  Virginia   City, 

Nev. 

Chief  Engineer,  The  Mid  vale  Steel 
Co.,  Nicetown,  PhiUdelphia  ;  resi- 
dence. 7203  Uoyer  Si.,  (lermantown, 
Pa. 

Engineer  for  Tramway  Construction, 
Public  Works  Department,  Sydney, 
N.  S.  W. 

106  Nordyke  Ave..  Indianapolis,  Ind. 

Electrician  and  Director  of  Elec.  and 
Chem.  Laboratories;  The  Standard 
Underground  Cable  Co.,  Pittsburg, 
Pa. 


FiSKE,  J.  Parker  B.  164  Devonshire  St..  Boston,  Mass. 

Flagg,  Stanley  G.,  Jr.    Stanley   G.    Flagg  &   Co.,    19th   St., 

and  Penna.  Ave.,  Philadelphia,  Pa. 

Flanagan,  Thomas  Francis  General  Manager,  Suburban  Light 

and  Power  Co.,  32  Hawley  Street. 
Boston,  Mass. 


FL.vrHER,  John  J. 

Flbgel,  Geo.  C. 
Fleming,  Richard 

Flrsch,  Charles 
Flint,  Bertram  P. 


Flood,  J.  F. 
Flory,  Curtis  B. 
Floy,  Henry 

Foote,  Allen  R. 
Foote,  Charles  W. 


Professor  of  Mechanical  Engineering, 
Purdue  University,  Lafayette,  Ind. 

East  Chicago,  Ind. 

Electrician.  Navy  Yard,  N.  Y.;  resi- 
dence, Jamaica,  N.  Y. 

Electrical  Engineer,  Allgemeine  Elek- 
tricitats-Cjesellschaft,  22  SchifTbauer- 
damm,  Beriin,  N.  W.  Germany. 

Electrical  and  Mechanical  Engineer, 
^'upt.  Washington,  Alexandria  and 
Mt.  Vernon  Electric  Railway  Co., 
Washington,  D.  C. 

Sup't  Steubenville  Traction  Co., 

Steuben ville,  O. 

Link  Belt  Engineering  Co.,  Nicetown, 
Philadelphia.  Pa. 

Engineer  Westinghousc  Electric  and 
Mfg.  Co.,  171  La  Salle  St.;  residence, 
5540  Cornell  Ave..  Chicago,  111. 

American  Exporter ^  11 44  Broadway, 
New  York  City. 

General  Manager,  Citizens  Traction 
Co.,  San  Diego,  Cal. 


Dau  of  Elcctioo* 

Jan.  22,  1896 
Oct  17,  1894 
Jan.  16,  1895 
June  26,  1891 
Sept.  6,  1887 


Mar.  25,  1896 

Jan.  20,  1891 
Oct.  21,  1896 


Jan.  16,  1895 

June  17,  1890 

April  18,  1893 

Jan.  17,  1894 

April  19,  1892 

Sept.  20,  1893 

Oct.  18,  1893 

Sept.  27,  1892 


Jan.  17,  1894 
Mar.  18,  1890 
April  22,  1896 

May  17,  1892 
April  21,  1891 
Sept.  22,  1 891 
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ASSOCIATE  MEMBERS 


Name. 

DuRANT,  Edward 
DuRANT,  Geo.  F. 


Address. 

Electrician,    115  East  36th  St.,  New 
York  City. 

Vice-Pres't  Bell  Telephone  Co.,  of  Mo., 
511  No.  4th  St.,  St.  Louis,  Mo. 


Dyer,  Francis  Maron      Associate    Engineer    with    Chas.    L. 

Eidlitz,  10  West  23d  St  ;  residence, 
355  Lenox  Ave.,  New  York  City. 

Eddy,  H.  C.  Electrical   Engineer  and    Contractor, 

Lees  Building,  Chicago.  111. 

Eden,  Morton  Edward  Electrical  Inspector.  Western  District 

the  Underwriters'  Association  of 
the  Middle  Department,  245  Fourth 
Ave.,  ritlsburg  ;  residence,  Warren 
Pa. 


Dftte  of  Election. 

Nov.  15,  1892 
April  15,  1884 

Sept.   19,  1894 
June   ao,   1894 


Edwards,  James  P. 
Kglin,  Wm.  C.  L. 


Eidlitz,  Chas.  L. 
Ekstrom,  Axel 
Eley,  Harris  H. 

Ellicott,  Edward  B. 

Elmer,  William,  Jr. 


Electrical  Engineer,  1569  Walton  Way, 
Augusta,  Ga. 

Chief  of  Electrical  Department,  Edison 
Electric  Light  Co. .  909  Walnut  St. ; 
residence,  4230  Chester  Ave.,  Phila- 
delphia, Pa. 

10  West  23d  St.:  residence,  1 125 
MadisoQ  Ave  ,  New  York  City. 

Electrical  Engineer,  General  Electric 
Co.;  Schenectady,  N.  Y. 

Electrical  Workshop  Supl.  W.  C.  &  S. 
W.  Telephone  Co.,  88  Colston  St., 
Bristol,  Eng. 

Superintendent  of  Construction,  West- 
em  Electric  Co.,  4438  Ellis  Ave., 
Chicago,  III. 

Elect! ical  Engineer,  Trenton  Iron  Co., 
Trenton,  N.  J. 


Ely,  Wm.  Grosvenor,  Jr.     8  Union  Street,  Schenectady,  N.  Y. 

Emmet,  Herman  L.  R.      Publisher  and    Printer,  36   Cortlandt 

St.,  New  York  City. 


Ende,  Siegfried  H 


1459  Madison  Ave.,  New  York  City. 


Entz,  Justus  Bulklry      Electrical   Engineer,  Electric  Storage 

Battery  Co.,  19th  St.,  and  Allegheny 
Ave.,  Philadelphia,  Pa. 


Erickson,  F.  Wm. 
EssicK,  Samuel  V. 

Esty,  William 

Etheridc.e,  Lockk 
Etheridge,  E.  L. 


Edison  Electric  Illuminating  Co.,  3 
Head  Place,  Boston.  Mass. 

Electrician.  Consolidated  Telegraph 
and  News  Co.,  53  Park  Place.  New 
York;  residence.  Yonkers,  N.  Y. 

Assistant  Professor  of  Electrical  Engi- 
neering, State  University,  Urbana, 
III. 

Chicago  Telephone  Co.;  residence. 
4714  Kenwood  Ave.,  Chicago,  III. 

Care  of  J.  P.  Hall,  143  Liberty  St., 
New  York  City 


Sept.   19,  1894 
April  19,  1892 


Sept.  19,  1894 
Sept.  19,  1894 
June    17,  1890 

Jan.       7,  1890 

Sept.   19,  1894 

Mar.  18,  1890 
Mar.   21,  1893 

April  15,  1884 
Jan.     17,  1894 

Jan.  7,  1890 
Sep.     19,  1894 

May    19.  1 89 1 

Mar.  20,  1895 
Oct.     17,  1894 

Dec.    20,  1893 


AaaOClATB  MEMBERS 


47T 


Kara«. 

Evans,  Edward  A. 


Addrcn. 

Actin);:  Chief  Engineer,  The  Quebec. 
Montmorency  and  Charlevoin  Rail- 
way, Quebec,  Canada. 

Manager  Harrison  Works,  General 
Electric  Co.,  Harrison,  N.  J. 

Farnsworth,  Arthur  J.    Chief  Engineer,  Larchmont  Electric 

Co.,  Mamaroneck,  N.  Y. 


Eyrb,  M.  K. 


Fay,  Thomas  J. 
FiBLDiNG,  Frank  E. 

[Life  Member.] 

Firth,  Wm.  Edgar 


Fischer,  Gustave  J. 

Fish,  Milton  L. 
FisHRR,  Henry  W. 


Crocker-Wheeler  Electric  Co.,  143 
Liberty  St..  New  York  City. 

Chemist  and   Assayer.  Virginia   City, 

Nev. 

Chief  Engineer,  The  Mid  vale  Steel 
Co.,  Nicetown,  Philadelphia  ;  resi- 
dence, 7203  Uoyer  Si.,  (iermantown. 
Pa. 

Engineer  for  Tramway  Construction, 
Public  Works  Department,  Sydney, 
N.  S.  W. 

106  Nordyke  Ave.,  Indianapolis,  Ind. 

Electrician  and  Director  of  Elec.  and 
Chem.  [laboratories;  The  Standard 
Underground  Cable  Co.,  Pittsburg, 
Pa. 


Dau  of  Elcctioo* 

Jan.  22,  1896 
Oct  17,  1894 
Jan.  16,  1895 
June  26,  1891 
Sept.  6,  1887 


Mar.  25,  1896 

Jan.  20,  1 891 
Oct.  21,  1896 


FiSKE,  J.  Parker  B.  164  Devonshire  St.,  Boston,  Mass. 

Flagg,  Stanley  G.,  Jr.   Stanley   G.    Flagg  &   Co.,    19th   St., 

and  Penna.  Ave.,  Philadelphia,  Pa. 

Flanagan.  Thomas  Francis  General  Manager,  Suburban  Light 

and  Power  Co.,  32  Hawley  Street, 
Boston,  Mass. 


Flather.  John  J. 

Flbgel,  Geo.  C. 
Fleming,  Richard 

Flrsch,  Charles 
Flint,  Bertram  P. 


Flood,  J.  F. 
Flory,  Curti.s  B. 
Floy,  Henry 

Foote,  Allen  R. 
Foote,  Charles  W. 


Professor  of  Mechanical  Engineering, 
Purdue  University,  Lafayette,  Ind. 

East  Chicago,  Ind. 

Electrician.  Navy  Yard,  N.  Y. ;  resi- 
dence, Jamaica,  N.  Y. 

Electrical  Engineer,  Allgemeine  Elek- 
tricitats-Gesellschaft,  22  SchifTbauer- 
damm,  Berlin,  N.  \V.  Germany. 

Electrical  and  Mechanical  Engineer. 
Supt.  Washington,  Alexandria  and 
Mt.  Vernon  Electric  Railway  Co., 
Washington,  D.  C. 

Sup't  Steuben ville  Traction  Co., 

Stcubenville,  O. 

Link  Belt  Engineering  Co.,  Nicetown, 
Philadelphia.  Pa. 

Engineer  Westinghousc  Electric  and 
Mfg.  Co.,  171  La  Salle  St.;  residence, 
5540  Cornell  Ave.,  Chicago,  III. 

American  Exporter^  1144  Broadway, 
New  York  City. 

General  Manager,  Citizens  Traction 
Co.,  San  Diego,  Cal. 


Jan.     16,  1895 
June    17,  1890 

April  18,  1893 

Jan.     17,  1894 

April  19,  1892 
Sept.  20,  1893 

Oct.    18,  1893 
Sept.  27,  1892 


Jan.  17,  1894 
Mar.  18,  1890 
April  22,  1896 

May  17,  1892 
April  21,  1 891 
Sept.  22,  1 891 
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ASSOCIATE  MEMBERS 


Name. 
FOOTE.  Thos.  H 


Forbes,  Francis 
Forbes,  George 


Address. 
Electrical  Engineer,  C   &  C.   Electric 
Co.,  Garwood,  near  Westficld,  N.  J. 

Lawyer,  32  Nassau  St.,  New  York  City. 

Electrical  Engineer,  34  Great  George 
St.,  London,  Eng. 

Ford,  Frank  R.,  M.  E.   Consulting  Engineer.    Ford.  Bacon  & 

Davis,    220   Broadway,   New   York 
City. 

Assistant    to  Chief     Engineer,    The 

American  Bell     Telephone     Co., 

Room    73,  125    Milk    St.,    Boston, 
Mass. 


Date  of  Election. 

April  21,  1 891 
Sept.   16,  1890 

Feb.    21,  1894 


Mar.   25,  1896 


Ford,  Wm.  S. 


Francisco,  M.  J. 
Frankenfield,  Budd 

Franklin,  W.  S. 
Frantzen,  Arthur 


President  and  General  Manager,  Rut- 
land Electric  Light  Co.,  Rutland, Vt. 

Instructor  in  Electrical  Engineering, 
The  University  of  Wisconsin  ;  resi- 
dence, 640  State  St.,  Madison,  Wis. 

Prof,  of  Physics,  Iowa  State  College, 
Ames,  Iowa. 

Electrical  Engineer  and  Contractor, 
235  Dearborn  St.,  Chicago,  III. 


French,  Prof.  Thomas,  Jr.  Ph.D.  Avondale,  Cincinnati,  O. 

Frenyear,  Thomas  C.      Westinghouse  Electric  and  Mfg.  Co., 

Erie   County   Bank   Bldg.,  Buffalo, 

N.  Y. 

Fridenberg,  Henry  Leslie,  Af.  E.     Stanley  Mfg.  Co.,  (Meter 

Dept.,)  Piltsfield,  Mass. 

Friedlaender,  Eugene   Electrician,  Carnegie  Steel  Company, 

Duquesne,  Pa. 


Frost,  Francis  R. 
Frost,  Joseph  W. 

Gallaher,  Edward  B. 

Galijetly,  J.  Fred. 
Garrels,  W.  L. 

Gerry,  James  H. 


Westinghouse  Electric  and  Mfg.  Co., 
427  South  Ave.,  Wilkinsburg,  Pa. 

Secretary,  National  Automatic  Fire 
Alarm,  335  Broadway,  New  York 
City. 

Consulting  and  Supervising  Engineer, 
gq  Cedar  St.:  residence,  1 190  Madi- 
son Ave. ,  New  York  City. 

Electrician,  Swift  &  Co.,  Chicago,  111. 

4531  West  Pine  Boulevard,  St.  lx)uis, 
Mo. 


Superintendent,  The  Self-Winding 
Clock  Co.,  163  Grand  Ave.,  Brook- 
lyn, N.  Y. 

Gerson,  Louis  Jay  Engineer  and  Contractor,  71?  Sansom 

St.  ;    residence,    637   8.   49th    St., 
Philadelphia,  Pa. 

Gherardi,  Bancroft,  Jr.,     Assistant  in  the  Engineering  Dept. 

New    York    Telephone   Co.;     resi- 
dence, 30  East  33d  St.,  N.  Y.  City. 

Gn.LlLAND,  E.  T.  Pelham  Manor,  N.  Y. 


June     7»  1892 
June   17,  1890 

Feb.    17,  1897 
Jan.     22,  1896 

Feb.  21,  1894 
Sept.  20,  1893 

Sept.  25,  1895 
Jan.  16,  189$ 

Nov.  20,  189s 

Dec.  20,  1893 

Mar.  20,  1895 

Jan.  19,  189$ 
Mar.  21.  1894 

Mtr.  20.  189s 

April  18,  1894 

Sept.  19,  1894 

June  27,  189s 
April  15,  1884 
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Name. 
GiLMORE,  LUCIEN  H. 


GiTHENS,  Walter  L. 


Gladstone,  James  Wm 
<ioDi)ARD,  Chris.  M. 


Address. 

Prof,  of  Physics  and  Electrical  Engi- 
neering. Tbroop  Polytechnic  Insti- 
tute, Pasadena.  Cal. 

Manager,  H.  P.  Elec.  Light  and 
Power  Co.,  7284  So.  Chicago  Ave.; 
residence,  5101  Kimbark  Ave.,  Chi- 
cago, Ills. 

Glading.  Frank  W.,  Af.  E.,  M.  S.    With  Wm.  Cramp  &  Sons. 

Ship    and    Engine    Building    Co., 
Philadelphia,  Pa. 

Manas:er,  Edison  Mfg.  Co.,  no  East 
23d  St. ;  residence, West  Orange,  N.J. 

Secretary  and  Electrician,  New  En- 
gland Insurance  Exchange.  Sec*y 
Underwriters'  National  Electric 
Ass'n,  55  Kilby  St,,  Boston,  Mass. 

Electrical  Engineer,  3g  Cortlandt  St  , 
and  473  l*ark  Ave.,  New  York  City. 

GOLDSBOROUGH,  WINDER  Elwell,  J/.  £.,  Professor  of  Elec- 
trical Engineering,  Purdue  Univer- 
sity, Lafayette,  Ind. 

Civil  Engineer,  Belmont,  N.  Y. 

Tutor  in  Physics,  Columbia  College, 
residence,  339  I^xingt-m  Ave.,  New 
York  City. 

With  Siemens  &  Halske,  Franklin- 
strasse  2g,  Charlottenburg,  Ger. 


GOLDMARK.  ChAS.  J. 


■Gorton,  Charles 
Gordon,  Reginald 


GORRISSEN,  Ch. 

•Gossi.ER,  Phiup  G. 
Gott,  Clarence  P. 


Electrical  Engineer,  Royal  Electric  Co. 
94  Queen  St.,  Montreal,  P.  Q. 

Chief  Engineer  and  Electrician  Grand 
Central  Palace;  residence,  83  Wash- 
ington Place,  New  York  City. 

Graham.  George  Wallace    80  Decatur  St.,  Brooklyn.  N.  Y. 

Granbery,  Julian  H.        Draughtsman,  with   Post  &  McCord, 

289  4th  Ave.,  N.  Y.;  residence, 
Closter,  N.  J. 

Creenleaf.  Lewis  Stone     Electrical    Expert,    The    American 

Bell  Telephone  Co.,  42  Farnsworth 
St  ;  residence,  "  The  Ludlow," 
Clarendon  St.,  Boston,  Mass 

Green,  Elwin  Clinton    Testing    Department    and    Installing 

Work.  Jenney  Electric  Motor  Co., 
206  South  East  St.,  Indianapolis, 
Ind. 

Griffbs,  Eugene  Senior  Partner,    Firm  of   Griffes  and 

Sumner,  506  South  Broadway,  Los 
Angeles,  Cal. 

Griffin,  Capt.  Eugene    First  Vice-President,  General  Electric 

Co.,  Schenectady,  N.  Y.;  residence, 
323  State  St  ,  Albany.  N.  Y. 

'Grist,  Jambs  E.  Mechanical     Engineer,     Pennsylvania 

Iron  Works  Co. ,  50th  and  Lancas- 
ter Ave.;  residence,  918  North  44th 
St.,  Philadelphia.  Pa. 


Date  of  Eleciioa. 


Mar.  20,  1895 


Jan      31,  1896 

May    15,  1894 
April  18,  1894 


April  22,  1896 
June      5, 1888 

Mar.  21,  1893 
Nov.    12,  1889 

Feb.  24,  1891 
Mar.  25.  1896 
June  20,  1894 

Nov.  20,  189s 
Dec.  19,  1894 

Aug.  5,  1896 


Aug.   5,  1896 


Mar.  35.  1896 


Feb.  26,  1896 


Feb.   7,  1890 


Mar.  30,  1895 
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Name. 

Gross,  S.  Ross 
Growsk,  Gsorgb  G. 


Guy,  George  Hsu 


Hadley.  Arthur  L. 


Hadley,  Warren,  B. 
Hadley,  Fred'k  W. 


Address. 

Electrician.  Tennessee  Coal,  Iron  and 
R.R.  Co.,  Ensley.  Ala. 

Electrician  and  Chemist,  Ansonia 
Brass  and  Copper  Co.,  Ansonia, 
Conn. 

Secretary,  The  New  York  Electrical 
Society.  203  Broadway,  New  York 
City. 

Assistant  Electrician  to  Chief  Electri- 
cian and  Gen'l  Supt.,  Fort  Wayne 
Electric  Corporation,  149  Griffith 
St.,  Fort  Wayne,  Ind. 

30  Cortlandt  St.,  New  York  City. 

Electrical  Eng'r,  Arlington  Heights, 
Mass. 


Hakonson,  Carl  Harold    Electrical  Engineer,  with  the  Union 

Elektricitats  Gesellschaft,  HoUmann 
Str.  32,  Beriin  S.  W.,  Ger. 


Hall.  Edward  J. 


Hall,  Edwin  H. 


Hall,  J.  P. 


Hall,  William  P. 


Dateo^  Elecdoo. 
May     17,  1892 

Mar.    18,  189a 

May    16,  1893 

Oct.     17,  1894 
June   26,  1 89 1 

Aug.     5.  1896 
Sept.  25,  189s 


Vice-President  and  General  Manager, 
American  Telephone  and  Telegraph 
Co.,  iSCortlandtSt  .New  YorkCity.     April  18,  1893 

Assistant  Professor  of  Physics,  Har- 
vard Colltfge,  Gorham  St.,  Cam- 
bridge,  Mass. 

Electrical  Contractor,  143  Liberty  St., 
N.  Y.;  residence.  200  W.  136th  St., 

N.  Y. 


Halsey,  William  B. 


President,  The  Hall  Signal  Co.,  Vice- 
President  The  Johnson  Railroad 
Signal  Co.,  44  Broad  St.,  New  York 
City. 

Electrician  and  Ilorologist,  246  Elton 
St.,  Brooklyn,  N.  Y. 

Hamerschlag,  Arthur  a.     Electrical     Expert,     and     Owner 

Hamerschiag  &  Co.,  26  Liberty  St., 
New  York  City. 

Hammatt,  Clarence  S.    Supt.,  Jacksonville  Electric  Light  Co., 

Jacksonville,  Fla. 

Electrical  Engineer,  46  Second  Ave., 
Newark,  N.  J. 


Hammer,  Edwin  W. 
Hanchett,  Geo.  T. 


Hancock,  L.  M. 
Harding,  H.  McL. 
Harris,  George  H. 

Harris,  W.  C.,  Jr. 
Hart,  Francis  R. 


Electrical  and  Technical  Engineer, 
253  Broadway,  N.  Y. ;  residence, 
Hackensack,  N.  j. 

P.  O.  Box  151.     Nevada  City,  Cal, 

253  Broadway,  New  York  City. 

Electrical  Engineer,  Birmingham  Rail- 
way and  Electric  Co..    Birmingham. 
Ala. 

Electrician,  Harris  &  Williamson,  Bir- 
mingham, Ala. 

President  and  General  Manager,  Carta- 
gena-Magdalena  Railway  Co.,  care 
of  Old  Colony  Trust  Co.,  i  Court 
St.,  Boston,  Mass. 


Sept.  3,  1889 
Aug.      5,  1896 

'Sept.  16,  1890 
Mar.    18,  1890 

Mar.  25,  1896 
Sept.  20,  1893 
Nov.    18,  1896 

May  19,  1896 
May  19,  1 891 
May    24,  1887 

June  20,  1894 
April  17,  189s 

April  a  I,  1 89 1 
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Name.  Addreit.  Date  of  Election . 

Habtman,  Herbert  T.  Cor.  loth  and  SaDsom  Streets,  Phila- 
delphia. Pa.  Mar.   ai,  1893 

Harvey,  Robert  R.  10  So.  Franklin  St.,  Wilkes- Barre,  Pa.     Sept.  35,  189$ 

[Life  Member.] 

Hathaway,  Joseph  D.,  Jr.     Assistant  in  Cable  Dep't  Western 

Electric  Co.,  22  Thames  St..  N.  Y. 
City.  Aug.     S»  1896 

Hatzel,  J.  C.  Electrical   Engineer  and    Contractor, 

114  Fifth  Ave.,  New  York  City.  Sept.     3,  1889 

HSALY,  Louis  W.  Mechanical  Engineer's  Office,  Altoona, 

Pa.  June   26,  1891 

Hedenberg,  Wm.  L.  Firm  of    Iledenberg  &  Kinsey,  Con- 

sulting and  Constructing  Engin- 
eers, 108  Fulton  St.;  residence,  83 
Clinton  Place,  New  York  City.  Nov.   21,  1894 

Henderson,  Henry  Banks  Graduate  Student  Cornell  Univer- 
sity, 686  Willoughby  Ave.. Brooklyn, 
N.  Y.  May  21,  189s 

Hrrmessen,  John  Louis   Chief  of  Data  Dcpt.,  Union  Elektrici- 

tats  Gesellschaft,  Klcist  Strasse  29, 
Berlin,  Germany.  Jan.     20,  1897 

Hessenrruch,  George  S.     Student  at  the  College  at  Berlin, 

Berliner  Str.  75,  Charlottenburg, 
Germany.  June    27,  1895 

Hewitt,  Charles  E.         Electrician,     Hyer-Sheehan     Electric 

Motor  Co.,  100  Johnson  St.,  New- 
burgh.  N.  Y.  Sept.  25,  1895 

Hewitt,  Wiluam  R.         Superintendent,  Fire  Alarm  and  Police 

Telegraph,  9  Brenham  Place,  San 
Francisco,  Cal.  May    15,  1894 

Hewlett,  Edward  M.     Electrical    Engineer,    Railway   Dept. 

General  Electric  Co.,  Schenectady, 
N.  Y.  May    19,  1891 

Hill,  George,  C.£,  Consulting    Engineer,   44    Broadway, 

New  York  City.  April  19,  1892 

Hill,  Nicholas  S.,  Jr.     Chief   Engineer    Water   Department, 

City  Hall,  Baltimore,  Md.  Aug.      5,  1896 

HOBART,  Henry  M.  Engineer,      care    British     Thomson- 

Houston  Co.,  83  Cannon  St.,  Lon- 
don Eng.  April  18,  1894 

HocHHAUseN,  WiixiAM     Electrician,  74  Hanson  PL,  Brooklyn, 

N.  Y.  April  IS,  1884 

Holberton,  George  C.     Electrical  and   Mechanical   Engineer. 

Box  2406,  San  Fiancisco,  Cal.  May    15,  1894 

Holt,  Marmaduke  Burrell,  Mining  and  Electrical  Engineer, 

287  I^xington  Ave.  New  York, N.Y.     April  15,  1890 

HoMMEL,  Ludwig  Supt.      of     Construction,      Standard 

Underground  Cable  Co.,  Westing- 
house  Building,  Pittsburg,  Pa.  Jan.    20,  1897 

Hood,  Ralph  O.  Electrical  Flngineer,  Danvers,  Mass.       April  18,  1894 

Hopkins,  Nevil  Monroe    Electrical  Engineer,  1730  I  Street, 

Washington.  D.  C.  Nov.  90,  189s 
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Name. 

HoRNSBY,  Harry  H. 


HowsoN,  Hubert 
Hubbard,  Albert  S. 

Hubbard,  William  C. 


Address. 

Electrical  Inspector,  i6  City  Hall, 
Chicago.  111. 

Patent  Lawyer.  38  Park  Row,  New 
York  City. 

Electrical  and  Mechanical  Engineer, 
The  Electro  Chemical  Storage  Bat- 
tery Co.,  Belleville,  N.  J. 

Engineering  Department,  The  Electric 
Arc  Light  Co.,  689  Broadway,  New 
York  City:  residence,  427  West  7th 
St.,  Plainfield,  N.  J. 

Electrical  Engineer,  Louisville  Electric 
Light  Co. ;  residence,  Kenton  Club, 
Louisville,  Ivy. 

Hubrkcht.  Dr.  H.  F.  R.  Director.    Nederlandsche    Bell    Tele- 
phone Co.,  Amsterdam,  Holland. 

President,  The  American  Bell  Tele- 
phone Co.,  125  Milk  St.,  Boston. 
Mass. 


Date  of  Election . 
June    97,  189s 

June     8,  1887 
Nov.   20,  1895 


HuBLEY,  G.  Wilbur 


Hudson,  John  E. 


HUGGINS,  N.  W. 
HUGUET,  Chas.  K. 
Hull,  S.  P. 


Salesman,   etc.,  General  Electric  Co., 
Seattle,  Wash. 


Electrical  Engineer,  693  W.  Adams 
St.,  Chicago,  III. 

Chief  Electrician  of  Hudson  Div.  N. 
Y.  C.  &  H.  R.  R.  R.  Co..  Pough- 
keepsie,  N.  Y. 

Electrical  Engineer,  Fort  Wayne  Elec- 
trical Corporation.  228  Fairfield 
Ave.,  Fort  Wayne,  Ind. 

Humphrey,  Henry  H.      Consulting  Electrical  Engineer,  Bryan 

&  Humphrey,  Turner  Building,  St. 
Louis,  Mo. 


Hulsb.  Wm.  S. 


Humphreys,  C.  J.  R. 

Hunt,  Arthur  L. 
Huntley,  Chas.  R. 


Manager,  Lawrence  Gas  Co.,  and 
Edison  Electrical  111.  Co.,  Law- 
rence. Mass. 

Eleclricidn.  W.  R.  Fleming  &  Co.,  203 
Broadway,  New  York  City. 

General  Manager,  Buffalo  General 
Electric  Co  ,  40  Court  St.,  Bufialo, 

N.  Y. 


HirrcHlNSON,   Frederick    L.      Electrical   Engineer,    Elizabeth, 

N.J. 


Idell,  Frank  E. 
Ihlder,  John  D. 
IijiMA  Zentaro, 

Ingold,  Eugene 
Insull,  Samuel 


Havcmeyer  Building.  26Cortlandt  St., 
New  York  Citv. 

Electrical  Engineer,  Otis  Electric  Co., 
Yonkers,  N.  Y, 

In  charge  of  Transformer  Testing 
Dep't.,  Wagner  Elec.  Mfg.  Co., 
2017  Locust  St.,  St.  Louis.  Mo. 

Consulting  Engineer  and  Expert,  1669 
Second  Ave.,  l*ittsburg.  Pa. 

President,  Chicago  Edison  Co.,  139 
Adams  St.,  Chicago,  1)1. 


April   18,  1894 

Sept.  19.  1894 
Oct.      4,  1887 

Dec.  20,  1893 
Aug.  5,  1896 
June   27,  1895 

May    19.  1896 

Mar.    25,  1896 

Dec.    16,  1896 

Sept.  6,  1887 
Sept.   19,  1894 

Sept.  2S,  1895 

June  20,  1894 

July  12,  1887 

Oct.  2,  1888 

Jan.  22,  1896 
April  18,  1894 
Dec.     7,  1886 
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Irvine,  Drew  W. 
iwadare,  kunihiko 

Izard,  E.  M. 

Jaeger,  Charles  L. 

Jackson,  Theodore  K. 

Jackson,  Wm.  Steell 
Johnston,  W.  J. 

Jones,  Arthur  W. 

Jones,  F.  R. 

Jones,  G.  H. 

Jones,  Henry  C. 

JuDsoN,  Wm.  Pierson 

Kammeyer,  Carl  E. 
Keeper,  Edwin  S. 


Addms. 
Box  167,  Montgomery,  Ala. 

Electrician,  19  Second  St.,  Nakanosh- 
ima,  Japan. 

Electrical  Engineer,  Room  1409,  315 
l^earbom  St.,  Chicago,  111. 

Inventor,  Maywood,  N.  J. 

137  56th  Street,  Chicago,  111. 

326  St.  Paul  St.,  Baltimore,  Md. 

TA^  Electrical  World,  253  Broadway. 
New  York  City. 

Care  of  Gibbs,  Bright  &  Co.,  Mel- 
bourne, Australia. 

Professor  of  Machine  Design,  Uni- 
versity of  Wisconsin,  Madison,  Wis. 

Agent,  General  Electric  Co.,  Casilla  18 
D    Santiago  ;     residence,    Iquiqui 
Chili. 

Member  of  Firm,  the  Electric  Construe 
tion  and  Supply  Co.,  Montgomery 
Ala. 

U.  S.  Civil  Engineer.  Oswego,  N.  Y. 
temporary  address,  U.  S.  Engineers 
Office,  Buffalo,  N.  Y. 

Electrical  Engineer,  Maywood  111. 

Supt.  of  Electric  Light  Construction, 
Western  Electric  Co..  22  Thames  St., 
New  York   City;    residence,    Eliza- 
beth, N.  J. 

U.  S.  Electric  Power  and  Light  Co., 
HoUiday  and  Centre  Ms.,  Baltimore, 
Md. 

Vice-Prest.  and  General  Manager, 
Westinghouse  Machine  Co  ,  224 
Murtland  Ave.,  Pittsburg,  Pa. 

Mechanical  and  Electrical  Engineer, 
Falkenau  Enjjineering  Co.,  Ltd., 
711  Reading  'rerminal.  4823  Spring- 
field Ave.,  Philadelphia,  Pa. 

Kellogg,  James  W.,    M,E,    (Jeneral    Electric    Co.,    Lighting 

Dept.,  Schenectady,  N.  Y. 

Chemist  and  Klccirical  Engineer,  Au- 
stralian Carbide  Co.,  Sydney,  N.  S.W. 

{Matttii^t'r.)  Llcclrician.  Firm  of  Hous- 
ton ik:  Kennelly,  1105-1106  Betz 
Bldg.;  resilience,  I  he  Landsowne, 
41st  St.  and  F.lm  .Vve.,  Philadelphia, 
Pa. 


Date  of  Electioo. 
Sept    35,  189s 

Sept.  20,  1893 

Mar.  5,  1889 

Dec.  30,  1893 

May  31,  1895 

April  33,  1896 

April  15,  1884 

Oct.    17,  1894 
May    3o,  1890 

April  17,  1895 

Mar.   20,  189s 

June      8, 1887 
Sept.    19,  1894 


Keilholtz,  P.  O. 


Keller,  E.  £. 


Keller,  Edwin  R.,  Af.E, 


April  18,  1894 


Mar.    31,  1893 


Sept.  20,  1893 


Kenan,  Wm.  R.  Jr. 
Kennelly,  Arthur  E. 

[Life  Member.] 


Mar.  21,  1894 
June  26,  1891 
Jan.    20,  1897 


May      I,  1888 


Ker.  W.  Wallace 


Instructor  of  Klectricily,  Hebrew 
Technical  Institute,  36  Muyve.sant 
St.,  New  York  City.  Residence,  43 
W'averly  St.,  Jersey  City,  N.  J. 


Sept.  15,  1895 
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Name. 

Kino,  Vincent  C,  Jr. 


KiRKEGAARD,  GEORG 


Address. 

With  V.  C.  &  C.  V.  King,  517  West 
St.;  residence,  no  East  i6th  Street, 
New  York. 

Mechanical  and  Electrical  Engineer, 
28  State  Street,  New  York  City  ; 
residence,  Giffords,  Staten  Island, 
N.  V. 

KiRKLAND,  John  W.  Electrical    Engineer,  General   Electric 

Co.,  Scheneciady,  N.  Y. 

KiTTLER,  Dr.  Erasmus     Professor  at  the  Technical  High  School, 

Daimstadt.  Germany. 

Klinck,  J.  Henry  Dept.  Electrical  Engineering,  Lehigh 

University,  South  Bethlehem,  Pa. 


Date  of  Election. 


Aug.      5,  1896 


Knox.  Frank  H. 
Knox,  Geo.  W. 

Knox,  James  Mason 


15  Esplanade  St.,  Allegheny,  Pa. 

Electrical  Engineer,  Chicago  City  Rail- 
way Co.,  2020  State  St.,  Chicago, 
III. 

Student  in  Electrical  Engineering^. 
Columbia  University.  School  of 
Mines;  residence,  32  West  I2gth  St., 
New  York  City. 


Kreidler,  W.  a. 


Editor  and  Publisher,  IrVesUm  EUc- 
trician,  510  Marquette  Building, 
Chicago,  III. 

Labouisee,  John  Peter    24  Front  St.,  Schenectady,  N.  Y. 


Lamb,  Richard 


Land,  Frank 
Lane,  Vance 

Lanphear,  Burton  S. 
Lanman,  William  H. 


Chief  Engineer,  in  charge  business  of 
the  Lamb  Electrical  Cableways,  The 
Trenton  Iron  Co.,  No.  1  Broadway; 
residence,  72  VV.  69th  St.,  New  York. 

The  Hamilton,  E.  Genesee  Street, 
Syracuse,  N.  Y. 

Manager  and  Superintendent  Con- 
struction. Nebraska  Telephone  Co., 
Omaha,  Neb. 

Instructor  in  Electrical  Engineering, 
Maine  State  College,  Orono,  Me. 


Board  of  Patent  Control,  120  Broad- 
way, New  York  City. 

Lardner,  Henry  Ackley  Instructor  in  Electrical  Engineer- 
ing, State  College,  Penn. 

Larned,  Sherwood  J.  Electrical  Engineer,  Chicago  Tele- 
phone Co.,  203  Washington  St., 
Chicago^  III. 

Larrabee,  Rollin  N.       Western  Electric  Co.,  242  Jefferson  St., 

Chicago,  III. 

Latham,  Harry  Milton     Member     of     Engineering     Staff, 

Crocker-Wheeler  Electric  Co.,  Am- 
pere, N.  J. 

Lawton,  W.  C.  Roselle,  N.  J. 

LsBlanc,  Charles  Ingenieur  en   Chef,  de  la  Compagine 

Generale  de  Traction,  24  Boulevard 
des  Capucines,  Paris,  France. 


Sept.  20,  1893 

Mar.    21,  1894 

Dec.   16,  1896 

Jan.    16,  1895 
June    20,  1894 

Nov.    18,  1896 


Jan.     17,  1894 

Oct.      4,  1887 
Aug.     5,  1896. 


Dec.    18,  1895 
Sept.  22,  1891 

Dec.  19,  1894 

Jan.  16,  1895 

June  6,  X893 

Dec.  19,  1894 

Oct.    17.  1894 
Mar.  30,  189s 

Dec.   16,  i896> 
June     6,  1893. 

April   17,  189$ 
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Name.  Address. 

LsCoNTE,  Joseph  Nisbet     Instructor  in  Electrical  Engineering:, 

State  University,  iierkeley,  Cal. 

Lkdoux,  a.  R.,  M,  S.,  Ph.D.,  9  Cliff  St.,  New  York  City. 


Date  of  Elcctiott. 

Feb.    27,  189s 
Dec.     7,  1886 


Lkx,  John  C. 
Lemon,  Charles, 

Lenz,  Karl 

Lbnz,  Charles  Otto 
Le  PoNTois,  Leon. 
Levis,  Minford 

Levy,  Arthur  B. 


Mar.    18,  1890 


Chemist  and  Electrician,  American 
Bell  Telephone  Co.,  Mountfort  St., 
Longwood,  Brookline,  Mass. 

Hon.  Sec'y  for  New  Zealand  for  the 
Institution  of  Electrical  Engineers, 
Palmerston,  North.  New  Zealand.       Jan.     aa,  1896 

Draughtsman,  Brooklyn  Union  Gas 
Co.,  400  Douglas  Street,  Brooklyn, 
N.  Y. 


Electrical  Engineer,  Room  510,  Indus- 
trial Trust  Bldg.,  Providence,  R.  I. 

Electrical  Engineer,  The  Westinghouse 
Elcc.  and  xMfg.  Co.,  Pittsburg,  Pa. 

Superintendent  and  Electrical  Engin- 
eer, Novelty  Electric  Co.,  54  North 
4th  St.,  I'hiladclphia,  Pa. 

Assistant  Engineer,  Arc  Light  Dept.. 
General  Electric  Co.,  Sio  Lexington 
Ave.,  New  York  City. 

Lewis,  Henry  Frederick  William,    Redlands.  48  Sydenham 

Road,  Croydun,  Surrey,  England. 


LiEBiG,  GusTAv  A.,  Jr. 
LiLLEY,  L.  G. 


Tarrytown,  N.  Y. 

Electrical  Inspector,  Underwriters' 
Association  of  Cincinnati,  S.  \V.  Cor. 
3d  and  Walnut  Sts.,  Cincinnati,  O.; 
residence,  Wyoming,  O. 

Electrician-in-charge,  Cataract  Con- 
struction Co.,  Niagara  Falls,  N.  Y. 

Martin  &  Lindner.  Electrical  Engineers, 
Luning  Buildings:.  San  Francisco, 
Cal.,  residence.  Berkeley,  Cal. 

Chief  Engineer,  St.  Louis  Dressed 
Beef  and  Provision  Co..  3919  Papin 
St.,  St.  Louis,  Mo. 

Engineer,  British  Thomson-Houston 
Co..  38  Patliament  Street,  London, 
Eng. 

Electrical  and  Mechanical  Engineer, 
1376  I^xington  Ave.,  New  York 
City, 

Superintendent  of  Construction,  The 
Callender  Telephone  Exchange  Co., 
Brantford,  Canada. 

Electrical  Engineer.  The  Callender 
Telephone  Exchange  Co  ,  Troy,  O. 

Editor  and  Proprietor,  Journal  of 
Electricity,  San  Francisco,  Cal. 

LoxiBR.  Arthur  dela  M.  M.  E.     Salesman  and  Expert,  West- 

inghouse.  Church,  Kerr  «Sc  Co.,  26 
Curtlandt  St. :  residence.  Hotel  Win- 
throp,  125th  St..W.,  New  York  City. 


Lincoln,  Paul  M. 
Lindner,  Chas.  T. 

Lindsay,  Wm.  E. 

Little.  C.  W.  G. 
loewenherz,  herman 

I^RiMBR,  Geo.  Wm. 

LoRiMBR,  James  Hoyt 
Low,  George  P. 


May  19,  1896 

Mar.  15,  1892 

Dec.  18,  1895 

Feb.  at,  1893 

Jan.  ao,  1891 

Mar.  5,  1889 

Mar.  6.  1888 


June  ao,  1894 
Sept.  as,  1895 

Dec.    ao,  1893 

April  17,  189s 

April  aa,  1896 
Feb.    a7,  189s 

Aug.  5,  1896 
Aug.  5,  1896 
Jan.  17,  1893 


Mar.  25,  1896 
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Name. 

lA>ziKR,  Robert  T.  E. 


LuDLAM»  Harry  W. 

LUNDKLL.   Rob  CRT 


Address. 
Electrical  Engineer,  150  Nassau  St.. 
New  York  City. 

With  Western  Electric  Co.,  22  Thames 
St.,  New  York  City. 

Electrical  Engineer,  Interior  Conduit 
and  Insulation  Co.,  527  W.  34th  St., 
New  York;  residence,  47  Brevoort 
PI.,  Brooklyn,  N.  Y. 

LuQUER,  Thatcher,  T.  P.     New    York    Telephone    Co.,     18 

Cortlandt   St.,  residence,    Bedford, 
N.  Y. 

Lyman,  Chester  Wolcott,  Af.  A.     Manager  Herkimer  Paper, 

Co.,  Herkimer,  N.  Y. 


Lyman,  James 

[Life  Member.] 


839  Union  Street,  Schenectady,  N.  Y. 


Maccoun,  Ellicott  Supt.    of  the  Electrical    Dep't.,  The 

Carnegie  Steel  Co.,  Braddock,  Pa. 

MacCulloch,  Robert  C.     Manager,  Jos.  Lough  Electric  Co.. 

503    Fifth  Ave.;  residence,  209  W. 
81st  St.,  New  York  City.  1 

MacFadden,  Carl  K.       Electrical  Engineer,  Gas  Engine  Dep't 

Western  Oas  Construction  Co.,  Fort 
Wayne,  Ind. 

MacGregor.  WiiXARD  H.     With  Ward  Leonard  Electric  Co  , 

Hoboken,  N.  J.;  residence,  359  W. 
27th  St.,  New  York  City. 

30  Broad  St.,  New  York  City  ;  resi- 
dence, Englewood,  N.  J. 

Electrical  Engineer,  (jeneral  Electric 
Co.:  residence.  9  South  Church  St., 
Schenectady,  N.  Y. 


Mackie,  C.  p. 
Macki.ntosh,  Freu'k. 


MacLkoh,  (;eorge 


Superintendent  and  Engineer,  Ken- 
tucky and  Indiana  Bridge  Co.,  29th 
and  Hi^h  Sts.,  Louisville  Ky. ;  resi- 
dence. New  Albany,  Ind. 


MacMullan,  Robert  Heath,  Lafayette,  Ind. 
Madden,  Oscar  E.  [Address  unknown.] 


Magee,  Louis  J. 
Maki,  Heuchir 

Malia,  James  P. 

Mann.  Francis  P. 
Mann,  Robert  Bruce 
Manson,  Jas.  W. 

Martin,  A.  J. 


Electrical  Engineer,  Director,  der 
Union  Elektricitats  Gesellschaft, 
Corneliusstr  1.,  Berlin,  W.  Germany. 

Chief  Engineer,  Kioto  Traction  Co., 
Suyemarucho  Dotemachi  Maruta- 
machisagarn,  Kioto,  Japan. 

Electrician,  Armour  &  Co.,  5316 
Union  Ave.,  Chicago,  HI. 

[Address  unknown.] 

507  I^gan  Ave.,  Milwaukee,  Wis. 

Wire  Chief,  Franklin  Street  Exchange. 
New  York  Telephone  Co. ;  residence, 
973  Asmterdam  Ave.,  New  York  City. 

Complete  Electric  Construction  Co., 
121  Liberty  St.,  New  York  City. 


DaUof  Eloctiott, 
May    20,  l8go 

Dec.    18.  i8qs 


F'eb.     7,  1890 

June  26,  I 89 I 

Sept.  19,  1894 
Sept.  19,  1894 

Not.   20,  1895 

Feb.   27,  1895 

Sept.  27,  189a 

Jan.    20,  1897 
Mar.    21,  1893 

Mar.    25,  1896 


Aug.  5,  1896 

Sept.  23,  1 89 1 
April  15,  1884 

April  2,  1889 

Aug.  5,  1896 

June  20,  1894 

June  6.  1893 

Sept.  25,  1895 

Mar.  2$,  1896 

Mar.  15,  1892 
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Nune, 

Martin,  Frank 


Maktin,  James  A. 


Address. 

Electrical  Engineer,  Madison  Square 
Garden  Company,  New  York  City. 

Martin  &  Witte,  Electrical  and  Me- 
chanical Engineers,  58  Centre  St., 
New  York  City. 

Martin,  T.  Commbkford  {Fast-PresUent.)    Editor,   Th€  Elec- 

tfical    Engineer  ^    203     Broadway, 
New  York  City. 

Mason,  Jamrs  II.  Electrical     Expert,    10     Fifth     Ave., 

Brooklyn,  N.  Y. 

MATrHEVVS,  Charles  P.  Associate  Professor.  Electrical  En- 
gineering, Purdue  University,  Lafa- 
yette, Ind. 

Superintendent,  Thin  I  Street  and  Sub- 
urban Railway  Co.,  Seattle.  Wash. 

Counsellor  at- Law  in  Patent  Causes 
(Pollock  &  Mauro),  620  F.  St., 
Washington.  D.  C. 

Mfr.  of  Plating  Dynamos,  2d  Ave.  and 
I2ist  St.:  residence.  433  East  ii6th 
St.,  New  York  City. 

Mayrhofer.  Jos.  Carl    Electrical  Engineer,  165  W.  82d   St., 

New  York  City. 

McBride,  James  Superintendent,  N.  Y.  &  Boston  Dye 

Wood  Co.,  146  Kent  St.,  Brooklyn, 
N.  Y. 

McCarthy,  Lawrence  A.  Western  Union  Telegraph  Co.,  New 

York    City,     1053     Bedford     Ave., 
Brooklyn,  N.  Y. 

Electrical  Engineer,  The  F.  P.  Little 
Electric  Construction  and  Supply 
Co.,  135  Seneca  St.;  residence,  451 
14th  Street,  Buffalo.  N.  Y. 


Maxwell,  Eugene 
Mauro,  Philip 

Mayer,  Maxwell  M. 


Date  of  EUctioo. 
Oct.     21,  1890 

May    19,  1896 

April  IS,  1884 
May    19,  1891 

May    16,  1895 
Aug.     5,  1896 

Dec.    21,  189a 

Feb.    27,  189$ 
June    20,  1894 

Sept.  27,  189a 

Jan.    19,  189a 


McCarthy,  E.  D. 


McCluer,  Chas.  p. 
McClurg.  W.  a. 

McElroy,  James  F. 

McKay,  C.  R. 
McKibbin,  George  N. 

McKissicK,  A.  F. 

McKm-RicK,  F.  J.  A. 
McRae.  Austin  Lee 


District  Inspector,  So.  Bell  Tel.  and 
Tel.  Co.,  Richmond,  Va. 

Manager.  Electrical  Dept.,  Plaintield 
Gas  and  Electric  Light  '.o..  207 
Madison  Ave.,  Plainrield,  N   J 

Mechanical  Supt.,  The  Consolidated 
Car  Heating  Co..  131  Lake  Ave., 
Albany,  N.  Y. 

Consulting  Engineer,  140  South  Main 
St..  Salt  Lake  City,  Utah. 

Reed  &  McKibbin,  General  Street 
Railway  Contractors,  30  Broad  St., 
New  York  City. 

Professor  of  Electrical  Engineering, 
The  A.  &  M.  College  of  Ala., 
Auburn,  Ala. 

Graduate  Student  Cornell  Universitv, 
624  Western  Avenue,  Lynn,  Mass. 

Consultinir  Electrical  Engineer,  306 
Oriel  bidg  ,  St.  Louis.  Mo. 


Nov.  18,  1896 

Apr.  22,  1896 

Dec.  20,  1893 

Nov.  15,  189a 

Dec.  20,  189s 

June  8,  1887 

Feb.  ^6»  189a 

Aug.  5,  1896 

May  17,  189a 
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Name.  Address. 

Meadows,  Harold  Gregory     Associate  Eng^ineer  (Elec)  with 

Newcomb  Carlton,  log  White  Build- 
ing ;  residence,  114  West  Chippewa 
St..  Buffalo,  N.  Y. 


Date  of  Electioo. 


Medina,  Frank  P. 

Mercer,  Andrew  G 
Meredith,  Wynn 
Merrill,  £.  A. 


Electrician,  Pacific  Postal  Telegraph 
Co.,  534  Market  St.,  San  Francisco, 
Cal. 

Electrician.  Wate'-loo  Electric  Co., 
Waterloo,  N.  Y, 

Electrical  Engineer,  Hasson  &  Hunt. 
310  Pine  St.,  San  Francisco,  Cal. 


Merrill,  Josiah  L. 

Mbrritt,  Ernest 
Merz,  Chas.  H. 


Electrical  Engineer,  Pierce  &  Miller 
Engineering  Co.,  26  Cortlandt  St., 
New  York  City. 

Ass't  to  Estimating  Engineer  of  the 
Construction  Department.  General 
Elec.  Co.,  Schenectady,  N.  Y. 

Assistant  Professor  in  Physics,  Cornell 
University,  Ithaca,  N.  Y. 

British  Thomson- Houston  Ltd.,  38 
Parliament  St.,  London,  S.W.;  resi- 
dence, The  Quarries,  Newcastle-on- 
Tyne,  England. 

Consulting  Engineer,  44  Broad  St., 
New  York  City. 

Middlemiss,  p.  R.,  M.  E,     Electrical  Engineer,  General  Electric 

Co.,  Box  588,  Schenectady,  N.  Y. 

Miller,  Joseph  A.  Civil    and    Consulting   Engineer,    25 

Butler  Exchange,  Providence,  R.  L 

Miller,  Wm,  C,  M,  S.     Electrical   Engineer,    3   South    Hawk 

St.,  Albany,  N.  Y. 

Electrician  and  Inventor,  428  East 
Sixth  St.,  Plainfield,  N.  J. 


MsYSR,  Julius 


Miner,  Willard  M. 
Mitchell,  Sidney  Z 


Manager,  Oregon,  Washington  and 
Idaho  Agency,  General  Electric  Co. , 
Fleischner  Building,  Portland,  Ore. 

General  Superintendent,  The  Augusta 
Railway  cV  Electric  Co.,  Augusta,  Ga. 

Consulting  Electrical  Engineer,  236 
W    22d  St.,  New  York  City. 

Chief  of  Electrical  Department,  The 
Gold  Dredging  Co.,  Bannack,  Mont. 

Mora,   Mariano  Luis      General    Electric    Co.,    Schenectady, 

N.  V. 


Moore,  Wm.  E. 
MoNELL,  Joseph  T. 
Montague,  Ralph  L. 


Mordey,  Wm.  Morris 

Morgan,  Chas.  H. 
Morehouse,  H.  H. 


Electrician,  Brush  Electrical  Engineer- 
ing Co.,  Redholm.  Loughborough, 
London,  Eng. 

326  St.  Paul  St.,  Baltimore,  Md. 

General  Manager  and  Electrician, 
Alumbrado  Electrico  de  Qufezalte- 
nango,  Apartado,  No  44,  Quezalten- 
ango,  Guatemala,  C.  A. 


Sept.  23,  1896 

Sept.  19,  1894 
Sept.  3,  1889 
Jan.  17,  1894 

Sept.  20,  1893 

Sept.  25,  189s 
Sept.  16,  1890 

Sept.  25,  1895 
Oct.  35,  1891 
Mar.  20,  189s 

Dec.  9,  1884 
Oct.  21,  1890 
July  12,  1887 

Not.  12,  1889 

Jan.  22,  1896 

Oct.  27,  1891 

Feb.  26,  1896 

Mar.  20,  189s 

Sept.  23,  1891 
Aug.   5,  1896 


Feb.  It,  1894 
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Name. 

MoRLEY,  Edgar  L. 

Morrison,  J.  Frank 
Morse,  George  H. 

MoRss.  Everett 


Address. 
.Sup't  Hat7.el  &  Buehler.  114  5th  Ave., 
New  York  City. 

15  South  St.,  Baltimore ,  Md. 

Wajjrner  Electric  Mfg.  Co.  St.  Louis. 
Mo. 


Vice-President,  Simplex  Electric  Co., 
303  Marlboro  St.,  Boston,  Mass 

Morton.  Henry,  Ph,D,    President  of  Stevens  Institute  of  Tech- 
nology, Hoboken,  N.  J. 

Moses,  Dr.  Otto  A.  Electrician,     1037    Fifth   Ave.,    New 

York  City. 

Mosks,  Percival  Robert,  E.  E.  Consulting  Electrical  Engineer. 

120   Broadway  :  residence,  46  West 
97th  St.,  New  York  Ci.y. 

Mosman,  Chas.  T.  Power  and  Mining  P^ngineering  Dep't., 

General  Electric  Co.;  residence,  406 
Union  .St.,  Schenectady,  N.  Y. 

Mosscrop,  \Vm.  a.,  M.E    Electrical  Engineer,  care  R.  \V.  Pope, 

Sec'y,  26  Corilandt  St.,   N.  Y.  City. 

Electrical  Engineer  and  Inventor, 
Passaic,  N.  J. 

Electrician,  Strowger  Autom.  Tel.  Ex- 
change, (>47  Rookerv,  Chicago,  111. 

[Address  unknown.] 

Secretary  and  Treasurer,  Electrical  In 
stallation  O.,  917  .Monadnock  Build- 
ing. Chicago,  III. 

Manager  Insulated  Wire  Department, 
John  A.  Roebling's  Sons  Co., 
Trenton,  N.J. 

Nicholson,  Walter  W.     General   Supt.  Central    N.   Y.  Tele 

phone    and     Telegraph     Co.,     73 
Howard  Ave.,  Utica,  N.  Y. 

Chief  Eni>ineer,  in  charge  of  Steam  and 
Electric  Plant  Westinghouse  Elect, 
and  Mfg.  Co.,  Pittsburg,  Pa. 

With  Card  Electric  Motor  and  Dynamo 
Co.,  622-3  Westcrm  Union  Building, 
Chicago,  III. 

Contiacting  Klectrical  Engineer.  504 
Townsend  St..  Syracuse,  N.  Y. 

NONN.  Richard  J.,  M,D.  Physician,  iiq^  York  St..  Savannah, 

Ga. 


Morr,  S.  D. 
MuNNS,  Chas.  K. 

MusTiN,  Herrkrt  S. 
Myers,  L.  E. 

Newhury,  F.  J. 


Nock.  Geo.  W. 


Norton,  Elbert  F. 


NoxoN,  C.  Per  Lee 


Nyhan,  J.  T. 


Ockershausen,  H.  a. 


Superintendent  and  bllectrician,  Macon 
and  Indian  Spring  Electric  Railway. 
Macon,  Ga. 


Electrical  Engineer,  65  Madison  Ave., 
Jersey  City,  N.  J. 

Olan,  Theodor,  J.  W.      Civil  and  Electrical  Engineer,  68  West 

49th  St.,  New  York  City. 


Olivetti,  Camillo 


Ingegnere  Industriale,  Ivrea,  Italy. 


Date  of  Election. 

Sept.  25,  1895 
April  15,  1884 

May  15.  1894 

Sept.  22,  1891 

May  24,  1887 

May  17,  1887 

Dec.  19,  1894 

Mar.  20,  1895 

May   7.  1889 

Sept.  20,  1893 

Nov.  21,  1894 
Dec.  ao,  1893 

Sept.  19,  1894 

Sept.  23,  1896 

May  IS.  1894 

Aug.   5.  1896 

Dec.  20,  1893 
Oct.  17,  1894 
July  12,  18S7 

Feb.  27,  189$ 

Sept.  6,  1887 

May  16.  1893 
Oct.  17,  1894 
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Cbmsbee,  Alsx.  F.  Electrical    Engineer;    residence,    183 

Joralemon  St.,  Brooklyn,  N.  Y. 

Osborne,  Loyall  Allen     Assistant  to  2nd  Vice-President  West- 

inghouse    Electric    and    Mfg.    Co., 
Piitsbufg,  Pa. 

OsTBRBERG,  Max.  E.E,,  A,M.  Consulting  Engineer,  and  Elec- 
trical Expert,  27  Thames  St.;  resi- 
dence, 113  E.  65th  St..  New  York 
City. 

Superintendent.  Electric  Litjht,  B.  &  O. 
R.  R.  Co..  154  Keen  Street,  Zanes- 
ville.  O. 


Dmte  of  Election* 

June  27,  1895 
Oct.     18,  189) 


O'SUTXIVAN,   M.  J. 


Otten,  Dr.  Jan  D. 

Owens,  R.  B. 

Page,  A.  D. 
Parcelle,  Albert  L. 
Parker,  Herschel  C. 


Engineer,  Union  Elektricitats  Gesell- 
schaft.  KurfUrstenstrasse  97  III, 
Berlin.  W.  Germany. 

Professor  of  Electrical  Engineering, 
University  of  Nebraska,  Lincoln, 
Neb. 

Assistant  Manager,  (General  Electric 
Co.  Lamp  Works,  Harrison,  N.  J. 

Electrician  and  Inventor,  157  Wash- 
ington St.,  Boston,  Mass. 

Tutor  in  Physics,  Columbia  University. 
21  Fort  Green  PI.,  Brooklyn,  N.  Y. 


Jan.     17,  1894- 

Mar.  30,  1895 

Nov.   18,  1890 

June    17,  1890* 
Jan.     19,  1892^ 
Dec.    16,  1891 
April  19,  1891 


Parmlv  C.  Howard,  S.M.,  E.E.     College  of  the  City  of  New 

York,  17  Lexington  Ave.;  residence, 
344  W.  29th  St.,  New  York  City.  Feb.    21,  1893 

Parry,  Evan  Engineer,  The  British  Thomson- Hous- 

ton  Ltd.,    Sunningdale.    Fitzgerald 
Ave.,  Barnes,  ).ondon,  Eng. 

Parsell,  Henry  V.,  Jr.    31  E.  21st  St..  New  York  City. 

Patton,  Price  I.  Sheble  &  Patton,  Ltd.,  1026  Filbert  St.; 

residence,    3926  Walnut  St  ,   Phila- 
delphia, Pa. 

Peck,  Edward  F.  15  Cortlandt  Street,  New  York  City  ; 

residence,  87  Monroe  St.,  Brooklyn, 
N.  Y. 


Sept.   35,  189s 
Nor.   13,  1889. 

Mar.  20,  1899 


May    20,  1890- 


Pkdersen,  Frederick  Malling  Assistant  Electrical  Engineer, 

Crocker- Wheeler  Electric  Co.,  Am- 
pere, Newark,  N.  J.;  residence, 
ri8  W.  104th  St.,  New  York  City. 

Peirce.  Arthur  W.  K.     Simmer  and  Jack  Gold  Mining  Co., 

Johannesburg,  S.  A.  R. 

Assistant  Manager,  Baltimore  Smelt- 
ing and  Rolling  Co.,  Keyser  Bldg, 
German  and  Calvert  Sts.,  Balti- 
more, Md. 


Sept.  30,  i89> 
June    27.  1895 


Peirce.  Wm.  H. 


Prrkins,  Frank  C. 
Petty,  Walter  M. 
Pfund,  Richard 


Electrical    Engineer   and    Contractor, 
774  Prospect  Ave.,  Buffalo,  N.  Y. 

Superintendent  Fire  Alaim  Telegraph, 
Rutherford.  N.  J. 

With  Western   Union    Telegraph  Co., 
195  Broadway,  New  York  City. 


Sept.  7,  i888> 

Oct.  21,  1890 

May  16,  1895. 

Apfil  18,  1893. 
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Name. 

Phelps,  Wm.  J. 


Philbrick,  B.  W. 

Phillips,  Eugene  F. 
Phillips,  Leo  A. 


AddrMS. 

Electrical  Eng^ineer  and  Contractor, 
Monadnock  fiJdjr..  Chicag^o ;  resi- 
dence. Elm  wood.  III. 

Electrician,  in  charg^e  of  Electrical 
Plant.  Hon.  Levi  F.  Morton,  Rhine- 
cliff.  xN.  Y. 

President,  American  Electrical  Works, 
Phillipsdale,  Providence,  R.  L 

Westinghouse  Electric  and  Mfg.  Co., 
East  Pittsburg,  Pa. 


Phistkrer,  Fred'k  William    107  Columbia  St.,  Albany,  N.  Y. 


PiNKF.RTON,  Andrew 
Plumb,  Charles 

Poole,  Cecil  P. 


Electrical  Engineer,   The  Apollo  Iron 
and  Steel  Co. ,  Apollo,  Pa, 

Proprietor  and  Electrician,  The  Chas. 
Plumb  Electrical  Works,  70  West 
Swan  St.,  Buffalo,  N.  Y. 


58  New  Street;  residence.  ao6  W.  80th 
St.,  New  York  City. 

Pope,  Ralph  Wainwright    Secretary  to  the  American  Institute 

of  Electrical  Engineers,  26  Cortlandt 
St.,  (Telephone.  2199  Cortlandt), 
New  York  City ;  residence,  570 
Cherry  St.,  Elizabeth,  N.J. 

Porter.  11.  IIobart,  Jr.    Agent,  Westinghouse  Elec.  and  Mfg. 

Co.,  120  Broadway,  New  York;  resi- 
dence, Lawrence,  L.  1. 

Potter,  Henry  Noel  Electrician,  Steglitzer  Strasse,  10  par- 
terre, Berlin  VV..  Germany. 

Powell,  Percy  Howard  Construction  Uep't.  New  York  Tele- 
phone Co.,  18  Cortlandt  St.,  Aew 
York  City  ;  residence.  Hempstead, 
N.  Y. 


Date  of  Election. 

Mar.  35,  1896 

May  15.  1894 

July  13.  1889 

Mar.  31,  1894 

Nov.  3o,  1895 

Sept.  35,  1895 

June  3o,  1894 

Jan.  3,  1888 


Price,  Chas.  W. 

Price,  Edgar  F, 
Prince,  J.  Lloyd 
PRIVAT,  Louis 
Proctor,  Thos,  L. 


June  3,  1885 

Mar.  2S,  1896 
Sept.  19,  1894 

Sept.  35.  189s 


Editor  the  EUctncal  Review,  Times 
Building,  New  York  City;  residence. 
323  (Jarfield  Place,  Brooklyn,  N.  Y. 

Electricial  Engineer,  Carbide  Works, 
Niagara  Falls,  N.  Y. 

868  Flatbash  Ave..  (Flatbush  Station), 
Brooklyn,  N.  Y. 

Electrician,  Cicero  Water.  Gas  and 
Electric  Light  Co.,  Oak  Park,  111.         Dec.    19.  1894 

General  Manager,  Riker  Electric  Motor 
Co.,  Brooklyn;  residence,  Newtown, 
L.  1.,  N.  Y. 


Sept  19,  1894 
June  37,  1895 
Feb.    37,  1895 


PUPIN,  Dr.  Michael  I.     (  Vice  President)  Adjunct  Professor  in 

Mechanics.    Columbia    University  ; 
residence.  7  Highland  Place,  Yon kers 

N.  Y. 


Randall,  John  E. 
Randolph,  L.  S. 


Columbia    Incandescent    Lamp    Co., 
191 2  Olive  St.,  St.  Louis,  Mo. 

Professor  of   Mechanical  Engineering, 
Blacksburg,  Ya. 


April  18,  1894 

Mar.  18,  1890 
May  7,  1889 
Feb.  31,  1893 
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Name. 

Rathenau,  Erich 
Ray,  William  D. 
Read,  Robert  H. 
Redman,  Geo.  A. 

Reed,  Chas.  J. 
Reed,  Harry  D. 


Reed,  Henry  A. 


Reid,  Edwin  .S. 


Reid,  Thorburn 


Reilly,  John  C. 


Address. 

Electrical  Engineer,  Allg.  Electricitats 
Gesellschaft,  Berlin,  Germany. 

General  Manager  Everett  Railway  and 
Electric  Co.,  Everett,  Washington. 

Patent  Attorney,  44  Broad  St.,  New 
York  City. 

General  Supt.,  Electric  Dept.,  Brush 
Elec.  Light  Co. ,  and  Rochester  Gas 
and  Elec.  Co.,  Rochester,  N.  Y. 

Electrician,  3313  N.  i6th  St..  Phila- 
delphia, Pa. 

Electrician,  Bishop  Gutta  Percha  Co., 
420  East  25th  St  ,  New  York  City; 
residence.  88  North  9th  St.,  New- 
ark, N.  J, 

Secretary  and  Manager,  Bishop  Gutta- 
percha Co.,  422  East  25th  St  ,  New 
York  City;  residence,  88  North  9th 
St.,  Newark,  N.J. 

General  Sup't  of  Construction.  National 
Underground  Cable  Co  .  17  Times 
Building,  New  York  City  ;  residence, 
116  W,  nth  St. 

Electrical  Engineer,  care  British 
Thomson- Houston  Co-.,  18  Parlia- 
ment St.,  London,  S.  W..  Eng. 

General  Supt.,  N.  Y.  &  N.  J.  Tel.  Co., 
16  Smith  St.,  Brooklyn.  N.  Y. 


Date  of  Election. 
Nov.  20,  1895 
Sept.  37,  189a 
Jan.     19,  189a 

Feb.  27,  1895 
Mar.     5,  1889 


Sept.  19,  1894 


June     4.  1889 


Feb.    36,  1896 

Oct.    31,  1890 
April  IS,  1884 


Rennard,  John  Clifford,  y4.  B.  K.  E.  Consulting  and  Super- 
vising Electrical  Engineer,  18  Cort- 
landt  St. ;  residence,  302  W.  73d  St., 
New  York  City. 

Require,  A.  Marcel        Electrical     Engineer,     Westinghouse 

Electric    and    Manufacturing    Co., 
Pittsburg.  Pa. 

Electrician,  Chief  Testing  Department, 
Chicago  Telephone  Co  ,  Chicago, 
III. ;  residence,  429  North  Pine  Ave., 
Austin,  111. 

Professor  of  Steam  and  Electrical  En- 
gineering. Pratt  institute,  Brooklyn, 
N.  Y. 


Jan.     16,  189s 


Dec.    20,  1893 


Rhodes,  S.  Arthur 


RicR,  Arthur  L. 


Rice,  Calvin  Winsor 
Richards,  Chas.  W. 


Consulting  Electrical  Engineer,  8 
Eaton  St.,  Winchester.  Mass. 

Partner,  Cum ner- Richards  Co.,  69 
Broad  .Street.  Boston ;  residence. 
Need  ham,  Mass. 


Oct.     17,  1894 

Oct.      31,  1896 

Jan.    30,  1897 
Sept.  23,  1896 


Richardson,  Robert  E.  Electrical  Engineer,  Pierce  &  Richard- 
son. 1409  Manhattan  Building;  resi- 
dence, 3622  Michigan  Ave  ,  Chicago, 
ill. 


RicKER,  Charles  W. 


Expert  Electrical  Engineer,  184  Cleve- 
land Ave.,  Buffalo.  N.  Y. 


Sept.  19,  1894 
May    1$,  1894 
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Name.  Address.  Date  of  Election. 

RiDEOUT,  Alexander  C.  LL.  D.,    Consulting    Electrical    and 

Mechanical  Engineer,  ioi  Randolph 
St.,  Chicago,  111.  Aug.     5,  1896 

Ridley,  A.  E.  Brooke     Agent.  Electrical  Engineer,  Siemens  & 

Halske  Electric  Co.,  10  Front  St.. 
San  Francisco,  Cal.  Nov.  31,  1894 

RiTTENHOUSE,  Chas.  T.     Editor    the    Electrical     World,    253 

Broadway  ;  residence,  247  W.  138th 
St ,  New  York  City.  Feb.    ai,  1894 

RoBERSON,  OuvER  R.        Electrician,  Western  Union  Telegraph 

Co.,  195  Broadway,  P.  O.  Box  856, 
New  York  City.  Dec.   20,  1893 

Roberts,  Wm.  H.  413  Marrison  St.,  Cincinnati,  O.  Sept.   19,  1894 

Robinson,  Almon  Draughtsman,   Expert  in  Methods  of 

Gearing,  Webster  Road,  P.  O.  Box 
943.  Lewiston,  Me.  Sept.     6,  1887 

Robinson,  Dwight  Parker    With  Stone  &  Webster,  4  P.  O. 

Square.  Boston,  Mass.  Sept.  35,  189s 

Robinson,  Francis  G.      With   Brooklyn  Heights    R.  R.    Co. ; 

resilience,  156  Macon  St.,  Brooklyn, 
N.  Y.  Not.  3i.  1894 

Rodman,  Samuel,  Jr.       (Late  ist  Lieut.,  2nd  U.  S.  Artillery), 

Electrician  and  Expert  in  High  Ex- 
plosives. Room  106,  Pullman,  £ldg., 
Chicago,  III.  Sept.  16,  1890 

Roebling,  Ferdinand  W.  Manufacturer    of    Electrical    Wires 

and  Cables,  Trenton,  N.  J.  June     8,  1887 

ROESSLER,  S.  W.  Captain,  Corps  of  Engineers  U,  S.  A., 

Willets  Point,  N.  Y.  Dec.     3,  1889 

Roller,  Frank  W.  M.E.  Electrical  Engineer,  Machado&  Roller, 

Electrical  Machinery,  203  Broadway, 
N.  \'.;  residence,  Cranford,  N.  J.        May    21,  1895 

RoFER,  Denney  W.  Edison  Illuminating  Co.  of  St.  Louis, 

Mo.,  Alton,  111.  June     6,  1895 

Rosa.  Edward  B.  Professor  of  Physics,  Wesleyan  Uni- 

versity, Middletown,  Conn.  Feb.    17,  1897 

RosEBRUGH,  Thomas  Reeve  Lecturer  in  Electrical  Engineering, 

School  of  Practical  Science,  Toronto, 
Ont.  June  26,  1891 

ROSENBAUM,  Wm.  A.  Electrical  Expert  and  Patent  Solicitor, 

177  Times  Building,  New  York 
Ciiy.  Jan.      3.  1889 

Rosenberg,  E.  M.,  M,  E,  Residence,  138  W.  85th  St.,  New  York 

City.  Oct.    31,  1890 

Ross,  Taytx)R  William    Second    Assistant    Engineer,    U.   S. 

Revenue  Cutter  Service,  Revenue 
Cutter  **Mcl^ne,"  Key  West,  Fla.      Mar.   25,  1896 

Rowland,  Arthur  John    Professor  of  Electrical  Engineering, 

Drexel  Institute;  residence.  3220 
Spencer  'J^rrace,  Philadelphia,  Pa.       Sept.   19,  1894 

Rowland,  Henry  A.        Professor  of   Physics,  Johns  Hopkins 

University,  Baltimore,  Md.  Mar.   31,  1894 

RoYCE,  Fred  W.  Electrician  and  Patent  Solicitor,  1410 

Pennsylvania  Ave.,  Washington, 
D.  C.  April  15.  1884 
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Name. 

RusHMORX,  David  B. 
Rutherford,  W.  M. 


Sachs,  Joseph 

Sackett,  Ward  M. 

Sage,  Henry  Judson 
Sahulka,  Dr.  Johann 
Sampson,  F.  D. 


Addreu. 

Foreman,  Testing  Dep't  Royal  Elec- 
tric Co.,  Montreal,   P.  Q. 

Chief  En^neer,  Canadian  General 
Electric  Co..  65  Front  St..  W.  To- 
ronto, Can. 

Devising  and  Consulting  Electrical 
Engineer.  32  Nassau  St.,  New  York 
City. 

Assistant  Chief  Draughtsman,  Chicago 
Telephone  Co.,  residence  3739 
Ellis  Ave.,  Chicago,  111. 

Sage  &  Co.,  Electrical  Engineers, 
Rochester,  Pa. 

Docent  of  Elcctrotechnics,  Technischc 
Hochschule,  Vienna,  Austria 

Manager,  Charlotte  Electric  Light  and 
Power  Co.,  Charlotte,  N.  C. 


Sanborn,  Francis  N. 
Sanderson,  Edwin  N. 


Torrington,  Conn. 

Of  Sanderson  &  Porter,  Engineers  and 
Contractors,  120  Broadway,  New 
York  City. 

Electrical  Engineer,  General  Electric 
Co.;  residence,  242  Union  Street, 
Schenectady,  N.  Y. 

Sathkrberg,  Carl  Hugo    Chief  Engineer.  The  Midvale  Steel 

Co.,  Nicetown,  Phiia.,  Pa.;  residence 
1752  N.  26th  St.,  Philadelphia,  Pa. 


Sargent,  Howard  R. 


68  Mount  Vernon  St.,  Fitchburg,  Mass. 

Elcctri(5al  Engineer,  288  Summer  Ave., 
Newark.  N.  J. 

Manager  for  George  Cutter,  851  The 
Rookery,  Chicago,   HI. 

Superintendent  of  Electric  Dept.,  La- 
clede (Jas  Light  Co.,  411  N.  iith 
St.  Louis,  Mo. 

Schreiter.  Heinr.  C.  E.    Counsellor  and  Attorney,   20  Nassau 

St.,  New  York  City. 


Sawyer,  Fred.  W. 
Saxelby.  Frederick 

ScHEiBLE,  Albert 

Schlosser,  Fred.  G. 


Schwab,  Martin  C. 
Schwabe,  Walter  P. 

Scidmore,  Frank  L. 

Scott,  James  B. 
Searing,  Lewis 

Searles,  a.  L. 


1729  Madison  Ave.,  Baltimore,  Md. 

Electrician,  Rutherford,  Boiling 
Springs  and  Carlsiadt  Electric  Co., 
Carlstadt,  N.  J. 

With  N.  Y.  C.  &  II.  R.  R.  R.  Co., 
office  of  .\.  F.  A.;  residence,  106 
Hawthorne  Ave.,  Yonkers,  N.  Y. 

Electrical  and  Mechanical  Engineer. 
227  East  German  St.,  Baltimore  Md. 

Consulting.  Mechanical,  and  Electrical 
Engineer,  Denver  Engineering 
Works,  Denver,  Col. 

Engineering  Dept.,  Fort  Wayne  Elec- 
tric Corporation,  Fort  Wayne,  Ind. 


Date  of  Election. 
Sept.    25.  189s 

Sept.  23,  1 891 

Mar.    15.  189a 

Oct.   17.  X894 

Dec.    30,  189^ 

Dec.    ao.  1895 

Aug.     5.  1896 
Nov.   34,  1 891 

Oct.    17.  1894 

Mar.    35.  1896 

Aug.     5,  1896 
June   27,  1895 

June     5.  1888 
June   20,  1894 

Sept.  22,  1 891 

Jan.    17,  1893 
Nov.   18,  1896 

May    19,  1896 

Dec.    18,  r895 
Aug.     5,  1896 

April    3,  1888 
April  18,  1894 
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Kame.  Address.  Date  of  Election. 

'Sn,  A.  B.  A.  B.    See   Manufacturing  Co.,    ii6 

Front  St.;  residence,  107  East  19th 
St  ,  (Flatbush),  Brooklyn,  N.  Y.  Jan.     17,  1893 

Sebly,  J.  A.  Electrical   Engineer  and    Contractor, 

J 21  Liberty  St.,  New  York  City.  April  15,  1884 

Sbitzinger,  Harry  M.     Consulting  and  Constructing  Engineer, 

6  Northampton  St.,  Wilkes- barre,  Pa.     Sept.  20,1893 

Serrell,  Lemuel  Wm.      Mechanical  and  Electrical  Engineer, 

99  Cedar  St.,  New  York  City;   resi- 
dence, Plainfield,  N.  J.  Nov.     i,  1887 

Serva,  A.  A  With   Fort   Wayne  Electric  Corpora- 

tion, 17  Federal  St.,  Boston,  Mass.      Dec.    20,  1893 

Shain,  Charles  D.  136  Liberty  St.,  New  York  City.  June     7,  1892 

Sharp,  Clayton  H.  Instructor,   Department    of     Physics, 

Cornell    University,  122    University 
Ave  .  Ithaca.  N.  Y.  May    15,  1894 

Sharps.  E.  C.  Consulting  Electrical  Engineer,  524  S. 

Broadway,  Los  Angeles,  Cal.  Feb.    26,  1896 

Shedd,  John  C.  Professor  of  Physics  and  Applied  Elec- 

tricity, Marietta  College;  residence, 
512  Fourth  St.,  Marietta,  Ohio.  Dec.    19,  1894 

• 
Shrehv,  Robert  J.  President,  Sheehy  Automatic  Railroad 

Signal  Co.,  122  Pearl  St.,  Boston, 
Mass.  April  21,  1 89 1 

Shields.  W.J.  Consulting  Engineer.   New  Wilming- 

ton, I'a.  Sept.  19.  1894 

Shock,  Thos.  A.  W.         Gen'l  Sup't  Sacramento  Electric  Power 

and  Light  Co.,  Sacramento.  Cal.  Mar.    20,  1895 

Shonnard,  Harold  W.    [Address  unknown.)  Oct.    23.  1895 

Simpson,  Alexander  B.  Estimating  Engineer,  Western  Elec- 
tric Co.,  N.  Y.  City  ;  residence,  125 
2nd  Place,  Brooklyn,  N.  Y.  May    21,  1895 

SiSE,  Charles  F.  President,    Bell     Telephone    Co.,    of 

Canada.  P.  O.  Box  191 8.  Montreal, 
Canada.  June     8,  1887 

Skirrow,  John  F.  Ass't  Manager,  Postal  Telegraph  Cable 

Co.,  New  York  City;  residence.  183 
N.  19th  St  ,  East  Orange,  N.  J.  Sept.  25,  1895 

Sladr,  Arthur  J., /'A./).     Engineer,    with    George    Hill,    44 

Broadway;   residence.  62  East  66th 
St.,  New  York  City.  Sept.  19,  1894 

Slater,  Frederick  R.      Designing  Department,  Otis  Bros.  & 

Co..  153  Warburton  Ave.,  Yonkers, 
N.  Y.  Oct.    17,  1894 

Smith,  Charles  Henry,  Jr.    Box  2,  Atlanta,  Ga.  Jan.     17,  1894 

Smith,  Frank  E.  Chief  Electrician,  Edison   Light  and 

Power  Co.,  229  Stevenson  St.,  San 
Francisco,  Cal.  Sept    19,  1894 
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Smii'H,  Frkderick  H.       Civil  Engineer,  216  Equitable  Bldg., 

Ballimore.  Md. 

S.MITH,  Harold  Babbitt  Professor  of  Electrical    Engineering, 

Worcester     Polytechnic     Institute, 
Worcester,  Mass. 


Smith,  J.  Brodib 

Smith,  J.  Elliot 
Smith,  Oberlin 

Smith,  T.  Jarrard 

Speed,  Buckner 

Spencer,  Theodore 
Sprout,  Sidney  S. 


Supt.  and  Electrician.  Manchester 
Electric  Light  Co.,  142  Merrimack 
St.,  Manchester,  N.  H. 

Superintendent  Fire  Alarm  Telegraph, 
122  W.  73d  St.,  New  York  City. 

President  and  Mechanical  Engineer, 
Ferracute  Machine  Co.,  Loch  wold, 
Bridgcton,  N.  J. 

Manager  Electrical  Dept. ,  The  E.  S. 
Greeley  &  Co.,  7  Dey  St.,  New 
York  City. 

Assistant  Electrical  Engineer,  Louis- 
ville Electric  Light  Co.,  1521  4th 
Street,  Louisville,  Ky. 

With  Bell  Telephone  Co.,  406  Market 
St.,  Philadelphia,  Pa. 

Electrical  Engineer,  328  Montgomery 
St.,  San  Francisco,  Cal. 

Squier,  George  O.,  Ph,D.     ist  Lieut..  3d   Artillery,  Fortress 

Monroe,  Va. 


Stadelman,  Wm.  A. 

Stahl,  Th. 

Stakes,  D.  Franklin 

Stanley,  William 
Stanton,  Chas.  H. 

Stevens,  J.  Franklin 


Agent,  Elwell-Parker  Co.,  26  Cortlandt 
JSt.,  New  York  City. 

Creusot  Works,  Creusot,  France. 

Electrical  Expert  and  Salesman.  The 
Fort  Wayne  Electric  Corporation, 
loi  The  Bourse,  Philadelphia,  Pa. 

Electrician,  Pittsfield,  Mass. 


Date  of  Electioo. 
Nov.    13,  188^ 

Nov.   24,  1891 

Mar.    21,  1894. 
April  15,  1884. 

May    19,  1891 

April  19,  189X 

Apr.  22,  1896^ 

Mar.  21,  1895 

Jan.  17,  1894 

May  19,  1891 

Feb.      7,  189a 
Nov.   15,  189a 

Jan.     20,  1897 
Dec.     6,  i88r 


With  C.  H.  &  H.  Stanton  Electrical 
Contractors,  151 7  Walnut  St.;  resi- 
dence, 134  S.  3d  St.,  Philadelphia.Pa.     Mar.  20,   189s 

Manager,  Keystone  Electrical  Instru- 
ment Co.,  Qth  St.  and  Montgomery 
Ave.;  residence,  1419  Walnut  St., 
Philadelphia,  Pa. 


Stewart,  Robert  Stuart    Supt.    of  Lines,    Public    Lighting 

Commission,    440    Jefferson    Ave., 
Detroit,  Michigan. 


Sept.  19,  1894 


Dec.  20,  1896 


Stewart,  W.  M. 


Stine,  Wilbur  M. 


Stockbridgs,  Geo.  H. 


Wire  Chief,  New  York  Telephone  Co., 
18  Cortlandt  Street,  New  York  City; 
residence,  301  W.  46th  St.,  Flat  14, 
New  York  City. 

{Vice-President.)  Director  Electrical 
Dept.,  Armour  Institute  ;  residence, 
635  W.  6ist  Street,  Chicago,  111. 

Patent  Attorney,  95  Nassau  Street; 
residence,  2514  iith  Ave  ,  near 
i87lh  St.,  New  York  City. 


Mar.    25.  1896 


May    15,  1894 


May    24,  1887- 
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Name. 

Stonk,  Ciiarl£s  a. 
Stone,  Joseph  P. 


Storkr,  Norman  \V. 

Storrs,  Prok.  H.  a. 
Stratton,  Alex. 


Straus.  Theodore 


Strauss,  Herman  A. 


Address. 

With  Finn  of  Stone  &  Webster,  4 
P.  O.  Sq.,  Boston,  Mass. 

Electrical  Engineer,  General  Electric 
Co.;  residence,  213  Liberty  Street, 
Schenectady,  N.  Y. 

Electrical  Engineer,  Wesiinghouse 
Electric  and  Mfg.  Co.,  Pittsburg  ; 
residence,  Wilkinsburg,  Pa. 

Professor  of    Electrical    Engineering, 
University  of  Vt.,  Burlington,  Vt. 

Assistant  Electrical  Engineer,  C.  &C. 
Electric  Co.,  Garwood.  N.  J.;  resi- 
dence 21  East  130th  St.,  New  York 
City. 

Electrical  Eng.,  General  Electric  Co.. 
Schenectady,  N.  Y.;  residence,  1213 
Linden  Avenue,  Baltimore,  Md. 

Consulting  Electrical  and  Mechanical 
Engineer,  54  Maiden  I^ne  ;  resi- 
dence, 17  W.  69th  St.,  New  York. 


Date  of  Elflctioo. 
May    19,  1 89 1 

Dec.  18,  1895 

Dec.  18,  1895 
Mar.  21,  1893 


Strong,  Frederick  G.     734  Equitable  Building,  Atlanta,  Ga. 

Sturtevant,  Charles  L.  Patent    Attorney.    Atlantic    Building, 

Washington.  D.  C. 


Mar.  20,  1895 
Nov.  18.  1896 

Oct.  17,  1894 
Oct.  27,  1891 

Dec.  20»  1893 


Sullivan.  Edward 


Supt.  Construction,  Standard  Under- 
ground Cable  Co.,  18  Times  BIdg.; 
residence,  337  W.  i8th  Street,  New 
York  City. 


Summers,  Leland  L.         Electrical  Engineer,  441  The  Rookery, 

Chicago,  111. 

Sventorzrtzky,  CAI'T.  LouDOMiR   Military  Engineering  Acad- 
emy, St.  Petersburg,  Russia. 

SwENSON,  Bernard  Victor     Assistant   Professor   of  Electrical 

Engineering,   University  of  Illinois, 
Champaign,  111. 

Sweet,  Henry  N.  Chief    of    Patent    Bureau,    Thomson 

Electric  Welding  Co.,  4  Spruce  St., 
Boston.  Mass. 


Sykes,  Henry  H. 
Tait,  Frank  M. 


Chief  Engineer,  Bell  Telephone  Co.,  of 
Mo..  Telephone  Bldg.,  St.  Louis,  Mo. 


Tapley,  Walter  H. 


Superintendent,  Catasauqua  Electric 
Light  and  Power  Co.,  731  3d  St., 
Catasauqua,  Pa. 

Electrician  in  Government  Printing 
Office,  care  of  Public  Printer,  Wash- 
ington, D.  C. 

Temple,  William  Chase  Mechanical  and  Electrical   Engineer, 

Lewis  Block,  P.  O.   Box  800.  Pitts- 
burg, Pa. 

Tjcsla,  Nikola  Electrical  Engineer  and  Inventor,  46 

E.    Houston    St.,  The  Gerlach,  53 
W.  27th  St.,  New  York  City. 


Feb.  26,  1896 

Feb.  16,  1892 

Sept.  20,  1893 

Feb.  27,  1895 

May  20,  1890 

Oct.  18.  1893 

Sept.  19,  1894 

Oct.  25,  1892 

May  3,  1887 

June  5»  1888 
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Name.  Address.  Date  of  Election. 

Thayer,  George  Langstafk     Manager,   Belle    Plaine  Electric 

Ligfht  Co.,  Belle  Plaine,  la.  Aug.     5,  1896 

Thomas,  Robert  McKean,  E.  E.     Assistant  Chief   Inspector, 

Bureau  of  Electrical  Appliances,  N. 
Y.  Fire  Dept.:  residence,  135  Madi- 
son Ave.,  New  York  City.  April  22,  1896 

Thompson,  William  Geo.  MacNkill  Resident  Engineer,  Sault 

Ste.  Marie  Canal,  St.  Catharines. 
Ont.  July     12.  1887 

Thordarsson,  Chester  H.     Chicago   Edison   Co.;    residence, 

284  Rush  St.,  Chicago.  HI.  Dec.    18.  1895 

Thrrsher,  Alfred  A.       Electrical    Engineer    and    Proprietor 

Thresher  Electric  Co.,  Dayton.  O.       April  22.  1896 

Thurbkr,  Howard  F.       Cieneral    Superintendent.    New   York 

Telephone  Co.,  18  Cortlandt  Street, 
New  York  City;  residence,  49  Sidney 
Place,  Brooklyn,  N.  Y.  Mar.    25,  1896 

Toerring,  C,  Jr.  Electrical    Engineer,    Helios    Electric 

Co.,  3214  Arlington  Avenue.,  Phila- 
delphia, Pa.  April  18,  1894 

Torchio,  Philihpo  Engineering  Dep't,  The  Edison  Elec. 

Illuminating  Co.,  53  Duane  Street, 
New  York  City.  June    27,  1895 

Tower,  George  A.  Electrical    Engineer,    'i'he   Sherwood 

Land  Co.,  and  The  Jefferson  Hotel 
Co.,  109  S.  First  St.,  Richmond,  Va.     May    15,  1894 

TowNSEND,  Henry  C.       .Xttorney    and    Expert     in    Electrical 

Cases,  5  Beekman  St.,  New  York 
City.  July     10,  1888 

TowNSRND,  Sa.muelG.  F.  Electrical  Engineer  in  Testing  Depart- 
ment, with  Ward  Leonard  Electric 
Co.,  Hoboken,  N.  J.;  residence,  131 
Fifth  Ave.,  New  York  City.  Jan.     20,  1898 

Treadwell,  AUGUSTi's,  Jr.  Private  Assistant,  Polytechnic  In- 
stitute, 488  3d  St.,  Brooklyn,  N.  Y.     Feb.    2i,  1894 

Trott,  a.  H.  Hardy        Beer,    near    Axminster,    Devonshire, 

[Life  Member.]  Eng.  Jan.     20,  189I 

TuTTLE,  Geor<;e  W,  Electrical  Engineer.  Sawyer-Man  Elec- 

tric Co.,  510  W.  23d  St.;  residence, 
328  W.  23d  St.,  New  York  City.  Mar.    17,  1891 

Vail,  Theo.  N.  26  Cortlandt  St.,  New  York  City.  April  15,  1884 

Van  Buren,  Gurdon  C.    Electrician  and   Electrical  Contractor, 

84  Clinton  Ave,  Albany,  N.  Y.  Oct.     25,  1892 

Vandegriet,  James  A.       Westingliouse  Electric  and   Mfg.  Co., 

residence,  1 58  Ridge  Ave. , Allegheny, 
Pa.  Nov.   24,  1891 

Vanderslick,  G.  Hamilton     326  Penn  Avenue.  Pittsburg,  Pa.     Dec.    19,  1894 

YvN  Deventer,  Christopher     Student,  Columbia  University; 

residence,  626  Lexington  Ave.,  New 
York  City,  Feb,    17,  1897 
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Name. 

Van  Vleck,  Frank 


Address. 

President.  Van  Vleck  Tramway  Co., 
Wells  Fargo  Bldg.,  Los  Angeles, 
Cal. 


Van  Vlbck,  John  Falconer  Constructing  Engineer,  The  Edi- 
son Electric  and  Illuminating  Co.  of 
New  York;  residence,  Glenridge,  N.  J. 

Van  Wyck,  Philip  V.  R.,  Jr.     Plainfield.  N.  J. 

Varley,  Thomas  W.         Electrician,  United  Electric  Light  and 

Power  Co.,  210  Elizabeth  St.,  New 
York  City. 

Varnky,  William  Wesley     Attorney  at  Law,  Electrical  Expert, 

118  East  Lexington  St,:  residence, 
looi  Harlem  Ave.,  Baltimore,  Md. 


Verley,  Horace  S.  L. 


VoiT,  Dr.  Ernst 


Vosmaer,  Alexam>er 


Wacker,  George  G. 


With  Dr.  Wm.  E.  (icyer,  as  Labora- 
tor>'  Assistant.  Stevens  Institute, 
Hoboken,  N.  J.;  136  Liberty  St., 
New  York  City. 

Professor  of  Electricity,  Technical 
University,  Schwanthalerstrasse, 
Munchen,  Germany. 

Mechanical,  Chemical  and  Electrical 
Engineer.  The  (ieneral  Ozone  and 
Electric  Supply  Co.,  Suerkade  104, 
The  Hague.  Holland. 

1340  Vanderbilt  Ave.,  New  York  City. 


Wagner,  Edward  Andrews.  Electrician,  The  Mexican  Inter- 
national R.  R.  Co.,  Eagle  Pass, 
Texas 


Walker,  Arthur  F. 
Wallace,  Chas.  F. 

Wallace,  Geo.  S. 
Wallace,  William 


Sup't  and  Electrical  Engineer,  Edison 
Light  ('o.,  (irand  Rapids,  Mich. 

Engineer,  Stone  and  Webster,  Boston. 
Mass.:  residence,  62  Forest  Street, 
Roxhury,  Boston,  Mass. 

Telegraph  Office  Manager,  Chesapeake 
iS:  Ohio  Ry.  Co.,  Box  214,  Hunting- 
ton, W.  Va. 

Wire  Manufacturer,  Ans<^nia,  Conn. 


Wardell,  (iROR<;K  Phelps     Secretary,   Department  of   Science 

and    Technology,     Pratt     Institute, 
Brooklvn,  \.  V. 


Wardlvw,  (]eor<.;e  A. 
Waring,  Richard  S. 

\Varner,  Chas.  11. 

Warren,  .\  id  red  K. 

Wason,  Chas.  W. 


412  Last  Willow  St.,  Syracuse,  N.  V. 

Standard  Uinlerjjrountl  Cable  Co..  61 
Wi'stinghouse  HIdg.,  Pittsburg,  I'a. 

Consulting  I'.let.trical  Engineer,  50 
l>i<»a(lway,  Xew  Vork  Citv, 

Proprietor.  A.  K.  Warren  «!v.  Co.,  451 
Greenwich  St.,  New  York;  residence 
New  Brighton.  S.   I..  N.  \". 

Electrical  Engineer  and  Purchasing 
.\genl.  Cleveland  Electric  R.  R.Co., 
2069  Euclid  Ave.,  Cleveland,  O. 


Date  of  Election. 

Nov.  16,  1886 

Aug.   5,  J  896 

April  21,  1 891 

Sept.  19,  1894 
Nov.  21,  1894 


May  17,  1892 


Mar.  2T,  1894 


Nov.  18,  1896 

.Sept.  6,  1887 

Jan.  22,  1896 

Oct.  23,  1895 

Nov.  iR,  1896 

Oct.  25,  1892 

.\pril  15,  1884 

Nov.  12.  1889 

Jan.  17,  1894 

April  15,  1884 

Dec.  20,  1893 

Nov.  20,  1805 

May  19,  1891 


500 


ASSOCIATE  MEMBERS, 


Name. 

Wason.  Leonard  C. 


Waters,  Edward  O. 

Watson,  Robert 
Watts,  H.  Franklin 

Weaver,  Norman  R. 
Webb.  Henry  Storrs 


Address. 

Vice-Prest..  The  Aberthaw  Co.,  31 
State  Street,  Boston  :  residence,  199 
Harvard  St.,  Brookline,  Mass. 

Resident  Manager.  General  Electric 
Co.,  308  Times  Bldjj.,  Pittsburg,  Pa. 

Patent  Attorney,  931  F.  St.,  N.  W., 
Washington,  U.  C. 

Electrical  Engineer  and  Contractor, 
5171  Heston  St..  Philadelphia,  Pa. 

Box  87,  Sclma,  Ala. 

Instructor  in  Electrical  Engineering, 
Lehigh  University,  South  Bethlehem, 
Pa. 


Webster,  Dr.  Arthur  G.  Assistant  Professor  of  Physics,  Clark 

University,  936   Main   St.,  Worces- 
ter. Mass. 


Webster,  Edwin  S. 

Wendle,  George  E. 
West,  Julius  Henrik 

Welles,  Francis  R. 

Wharton.  Hugh  M. 

Whitaker,  S.  Ed(;ar 


White,  Chas.  G. 


White,  J.  G. 


White,  Will  F. 


Whitinc,  Allen  H 


Whitmore,  W.  G. 


Firm  of  .Stone  &  Webster,  4  P.  O. 
Sq.,  Boston,  Mass. 

760  W.  4th  St.,  Williamsport,  Pa. 

Engineer,  Ilandjcry  St.,  58  Friedenau, 
Berlin,  Germany. 

Manufacturer,  46  Avenue  de  Breteuil. 
Paris.  Prance. 

Electrical  Engineer,  69  Christopher 
St.,  Montclair.  N.  J. 

Electrical  Engineer  and  Contractor,  58 
Oliver  St.,  Fitchburg,  Mass.:  resi- 
dence, 93  High  Rock  Avenue,  Lynn, 
Mass. 

Public  Schools  Sup't,  and  Instructor 
in  Physics  and  Chemistry,  Lake 
Linden,  Mich. 

J.  G.  White  &  Co.,  Electrical  Engi- 
neers and  Contractors,  29  Broadway, 
New  York  City. 

Electrical  Engineer.  Vice-President, 
New  Omaha  T.-H.  Electric  Light 
Co.,  309  So.  13th  St.,  Omaha,  Neb. 

Electrical  Engineer.  Riker  F^lectric 
Motor  Co.,  Brooklyn,  N.  V.:  resi- 
dence, Stamford.  Conn. 

Electrical  Engineer,  General  Electric 
<.'o.,  Edison  Building.  Box  3067, 
New  York  City. 


Whitney,  Henry  M.         Hi  Milk  St..  Boston.  Mass. 

[Life  Member.! 

WiESE,  Gustav  Adolvh    City     Electrician     of     Alameda,    718 

Haight  Ave.,  Alameda,  Cal. 

Wightman,  Merle  J.         Electrical  Engineer,  TheStaten  Island 

Midland    Railway    Co.,    Stapleton. 
N.  Y. 


Date  of  Election. 

Dec.  20,  1893 
Mar.  18,  1890 

Oct.  21,  1890 

May  20,  1890 
Oct.  25.  1893 

Nov.  20,  1895 

Jan.  19,  1892 

April  21,  1891 
Feb.  2f,  1894 

Sept.  20,  1893 

Sept.  6,  1887 

May  15,  1S94 


Aug.  5,  1896 

Sept.  23,  1896 

April  2,  1889 

Feb.   7,  1890 

Nov.  18,  1896 

Mar.  18,  1S90 
July  12,  1887 

Sept.  25,  1895 
Mar.   5,  1889 
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NaoM. 

Wiley,  Walter  S. 


Wiley,  Wm.H. 


Addrewi. 

Engineer,  with  the  American  Water- 
works. 1107  No.  40th  St..  Omaha, 
Neb. 

Scientific  Expert,  53  E.  loth  St.,  New 
York  City. 

Williams,  Charles  Jr.     Electrician,  i  Arlington  Street,  East 

Somerville,  Mass. 

Williamson,  G.  DeWitt    Dobbs  Ferry,  N.  V. 

Wilson,  Chkster  P.  Chief  Engineer,  East  St.  Louis  Plant. 

Swift  &  Co.,  31  Nicholson  Place.  St. 
Louis,  Mo. 

WiNAND,  Paul  A.  N.         Engineer     and      Supt.,      Schleicher, 

Schumm    &    Co.,   3300    Arch    St., 
Philadelphia,  Pa. 

Winchester,  Samuel  B.     9  Laurel  St..  Holyoke,  Mass. 


WiNSLOW,  L  E. 
WiNTRINGHAM,  J.  P. 

Wirt,  Herbert  C. 


The  General  Traction  Company,  Ltd., 
35  Parliament  Street,  Westminster, 
London,  Eng. 

Theorist.  36  Pine  St. ,  New  York  City, 
and  153  Henry  St.,  Brooklyn,  N.Y. 

Engineer.  Supply  Department,  General 
Electric  Co.,  Schenectady,  N.  Y. 

Woodward,  Francke  L.    Electrical  Engineer,  49  Grand  Street, 

Albany,  N.  Y. 

Woodward,  W.  C.  Electrical      Engineer.      Narragansett 

Electric  Lighting  Co.;  residence,  2i 
•Vrlington  Ave.,  Providence,  R.  L 

Wood  worth   (iEO.  K.       Electrician,     Crawford      Mfg.      Co., 

Hagerstown,  Md. 

WooLF,  Albert  E.  Electrician  and   Inventor,  Woolf  Elec- 

tric  Disinfecting  Co.  of   N.  Y.,  66 
Broad    St..   New  York  City. 


WORSWICK.  A.  E. 

Wray,  J.  Glen 

Wri(;ht,  Louis  .S. 
Wybro,  Harrison  C. 

Varnall,  V.  H. 

Young.  Charles  L 

YSLAs,  Carlos 


Electrical  Engineer,  London  and  For- 
eign Tramways  Syndicate  (Ltd.) 
Port  Elizabeth,  So.  Africa. 

Assistant  Engineer,  Chicago  Tele- 
phone Co.,  162  Centre  .St.,  Chicago, 
111. 

General  Manager,  Schuylkill  Electric 
Railway  Co.,  Pottsville.  Pa. 

Electrical  Engineer,  Wybro  & 
i^wrence,  522  So.  Broadway,  Ix)s 
Angeles,  Cal. 

Superintendent  of  Construction,  for  L. 
W.  Serrell,  09  Cedar  St.,  New  York 
City. 

Electrical  Engineer.  Westinghouse 
Elec.  ^t  Mfg.  Co.,  Girard  Building, 
rhiladclphia,  I'a. 

Electrician  of  Railway  in  Jalapa,  Vera 
Cruz,  Mexico. 


Date  of  Election. 

April   18,  1894 

Feb.      7,  1888 

April  15,  1884 
April  18,  1893 

Sep.    25,  1895 

June  20,  1894 
May  15,  1894 

Nov.  12,  1889 
May  7,  1889 
June  26,  1 891 

June  26,  1891 

Nov.  18,  1896 
Feb.  17,  1897 

Sept.  16,  1890 

Sept.  20,  1893 

Sept.  20,  1893 
Nov.  18.  1896 

Dec.  18,  1895 

May  16,  1893 

June  27,  189s 
Nov.  18,  1896 
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Name.  AddreM.  Date  of  F.lrction. 

Zalinski,  Edmund  L.        Cajpuin    of    Artillery,     U.     S.     A., 

(retired),  The  Century,  7  West  43d 
St.,  New  York  City.  May    17,  18S7 

Zimmerman,  Laurence  J.  Electrical    Engineer    and     Inventor, 

57    Pennsylvania    Ave.,    Brooklyn, 
N.  Y.  Mar.    3i,  1893 

Associate  Members,  -        716. 


OFFICIAL  STENOGRAPHER 

Ryan,  Richard  W.,  Room  178,  Post  Ofl&ce  Building,  Telephone,  2787  Cort- 

landt.  New  York  City. 


SUMMARY. 

Honorary  Members, -  2 

Members,     -        - 351 

Associate  Members,  -        -  •        -  -       716 

Total        -        -  •     io6g 
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